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(54) Spindle-shaped goethite particles, spindle-shaped hematite particles and magnetic spindle- 
shaped metal particles containing iron as main component 

(57) Spindle-shaped goethite particles containing 
from 8 to 45 atm% of Co, calculated as Co, based on the 
total amount of Fe, and from 5 to 20 atm% of Al, calcu- 
lated as Al, based on the total amount of Fe, and having 
an average major axial diameter of 0.05 to 0. 1 8 u.m, 

each of said goethite particles comprising a seed 
portion and a surface layer portion, the weight ratio 
of said seed portion to said surface layer portion 
being 30:70 to 80:20, the Co concentration of the 
seed portion with respect to that of the goethite par- 
ticle being 50 to 95 : 1 00 when the Co concentration 
of the goethite particle is 100, and said aluminum 
existing only in said surface layer portion. 
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Descripti n 

[0001] The present invention relates to spindle-shaped goethite particles, spindle-shaped hematite particles and 
magnetic spindle-shaped metal particles containing iron as a main component. More particularly, the present invention 

5 relates to spindle-shaped goethite particles which are fine particles and exhibit a good particle size distribution (stand- 
ard deviation/average major axial diameter); spindle-shaped hematite particles which can be prevented as highly as 
possible from causing destruction of particle shape when subjected to a heat-reduction step tor producing magnetic 
metal particles, and which are suitable as a starting material for the production of spindle-shape magnetic metal parti- 
cles containing iron as a main component exhibiting a high coercive force, a large saturation magnetization, an excel- 

10 lent oxidation stability and an excellent coercive force distribution (switching field distribution) when incorporated into a 
magnetic coating film (hereinafter sometimes referred to merely as "SFD" or "sheet SFD"); and the magnetic spindle- 
shaped metal particles containing iron as a main component which are produced from the spindle-shaped goethite par- 
ticles or the spindle-shaped hematite particles as a starting material, which exhibit a high coercive force, an excellent 
particle coercive force distribution (switching field distribution) (hereinafter referred to as merely "SFDr" or "particle 

75 SFDr"), a large saturation magnetization and an excellent oxidation stability, and which are excellent in a squareness 
(Br/Bm) of the sheet due to a good dispersibility in a binder resin. 

[0002] In recent years, miniaturization, lightening, recording-time prolongation, high density recording and high 
storage capacity of recording and reproducing apparatuses for audio, video or computers, have proceeded more 
remarkably, With this progiessv, magnetic recording media such as magnetic tapes and magnetic discs have been 
20 increasingly required to have a high performance and a high recording density. 

[0003] Magnetic recording media have been required to show a high image quality, high output characteristics, and 
especially improved frequency characteristics. For this reason, it has been demanded to enhance a residual magnetic 
flux density (Br) and a coercive force of the magnetic recording media. 

[0004] These characteristics of the magnetic recording media have a close relation to the magnetic particles used 
25 therefor, in recent years, magnetic metal particles containing iron as a main component have attracted attention 
because such panicles cm show a higher coercive force and a larger saturation magnetization as compared to those 
of conventional magnetic iron oxide particles, and have been put into practice and applied to magnetic recording media 
such as digits! audio taper: (DAT), 8-mm video tapes, Hi-8 tapes, video floppies or W-VHS tapes for Hi-vision. Further, 
the magnetic meta! particles containing iron as a main component have been adopted in DVC system for digital record- 
30 ing, Zip or super-discs for computers, and recently, large-capacity Hi-FD which are being now industrially put into prac- 
tice. 

[0005] In consequence, it has also been strongly demanded to further improve properties of these magnetic metal 
particles containing iron as a main component. 

[0006] As to the relationship between various characteristics of the magnetic recording media and properties of the 
35 magnetic particles used therefor, in order to achieve high density recording, it is generally required that the magnetic 
particles are fine particles end heve a good particle size distribution. 

[0007] In order to obtain a high image quality, the magnetic recording media for video are required to have a high 
coercive force (He) and a large residual magnetic flux density (Br). In order to impart such a high coercive force (He) 
and a large residual magnetic flux density (Br) to the magnetic recording media, the magnetic particles used therefor 
40 are also required to have & coercive force (He) as high as possible, an excellent particle coercive force distribution 

(SF Dr) rs:6 a tercjo fctuurcii\;r: r;r^netization. 

[0GMJ For example, in Jspsnase Patent Application Laid-Open (KOKAI) No. 63-26821(1988), it is described that 
"Fig. 1 shows a relationship between the SFD measured on the magnetic disc and the reproduction output thereof. 
• • • • As is apparent from Fig. 1, the characteristic curve representing the relationship between the SFD and the 

45 reproduction output becomes linear. Therefore, it is recognized that the reproduction output of the magnetic disc can be 
increased by using ferromagnetic particles having a small SFD. Namely, in order to obtain a high reproduction output, 
it is preferred that the SFD is small, and for example, when it is intended to obtain a more reproduction output than ordi- 
nary one, the SFD is required to be not more than 0.6." Thus, in order to enhance the reproduction output of magnetic 
recording media, it is necessary that the SFD (Switching Field Distribution) of the magnetic recording media is small, 

so i.e., the sheet coercive force distribution of the magnetic recording media is narrow. Further, for this purpose, it is 
required that the magnetic particle? used therefor has a good particle size distribution and contain no dendritic particles 
therein. 

[0009] As to the magnetic metal particles containing iron as a main component, the finer the particle size thereof 
becomes, the larger the surface activity thereof becomes, so that the magnetic properties is considerably deteriorated 
55 even in air, because such fine particles readily undergo the oxidation reaction by oxygen therein. As a result, it is not 
possible to produce magnetic metal particles containing iron as a main component, which can show the aimed high 
coercive force and large t^ii' x.iion magnetization. 

[001 0] In consequence, it has been required to provide magnetic metal particles containing iron as a main compo- 
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nent which are excellent in oxidation stability. 

[001 1 ] As described above, at present, there has been a strongest demand for providing magnetic metal particles 
containing iron as a main particles which are fine particles, contain no dendritic particles, and have a good particle size 
distribution, a high coercive force, an excellent particle coercive force distribution (SFDr), a large saturation magnetiza- 

5 tion and an excellent oxidation stability. 

[0012] On the other hand, in the production of magnetic recording media, when the magnetic metal particles con- 
taining iron as a main component becomes finer or have a larger saturation magnetization, there tends to be caused 
such a problem that the particles show a poor dispersibility due to the increase in attraction force between particles or 
magnetic cohesive force when kneaded and dispersed in a binder resin in an organic solvent. As a result the magnetic 

10 recording media produced therefrom tend to be deteriorated in magnetic characteristics, especially squareness 
(Br/Bm). Therefore, it have been required that the magnetic metal particles are further improved in magnetic properties. 
[001 3] In general, the magnetic metal particles containing iron as a main component can be produced by using as 
starting particles, goethite particles, hematite particles obtained by heat-dehydrating the goethite particles, or particles 
obtained by incorporating different kind of metals other than iron into these particles; heat-treating the starting particles, 

75 if necessary, in a non-reducing atmosphere; and heat-reducing the thus-treated particles in a reducing gas atmosphere. 
It is known that the obtained magnetic metal particles containing iron as a main component have a similar shape to that 
f goethite particles as the starting particles. Therefore, in order to obtain magnetic metal particles containing iron as a 
main component which satisfy the above various properties, it is necessary to use goethite particles which are fine par- 
ticles, have a good particle size distribution and an appropriate particle shape, and contain no dendritic particles. Fur- 

20 ther. it is required to retain the appropriate particle shape and the good particle size distribution of the goethite particles 
during and after the subsequent heat-treatment. 

[0014] Conventionally, there are known various methods of producing goethite particles as starting particles for the 
magnetic metal particles containing iron as a main component As methods of preliminarily adding metal compounds 
containing cobalt which can enhance magnetic properties, aluminum which can impart a good shape-retention property 

25 to the magnetic metal particles due to anti-sintering effect thereof, or the like, during the production of goethite particles, 
there are known, for example, (i) a method of passing an oxygen-containing gas through a suspension containing fer- 
rous hydroxide colloid obtained by adding not more than one equivalent of an aqueous alkali hydroxide solution to an 
aqueous ferrous salt solution in the presence of a cobalt compound, at a temperature of 50°C so as to conduct the oxi- 
dation reaction, thereby producing acicular goethite particles, followed by conducting a growth reaction thereof (Japa- 

30 nese Patent Application Laid-Open (KOKAI) No. 7-11310(1995)); (ii) a method of reacting an aqueous ferrous salt 
solution to which an acid salt compound of aluminum is added, with an aqueous alkali carbonate solution to which a 
base salt compound of aluminum is added, thereby obtaining an FeC0 3 -containing suspension, and passing an oxy- 
gen-containing gas through the obtained suspension so as to conduct the oxidation reaction, thereby producing spin- 
die-shaped goethite particles (Japanese Patent Application Laid-Open (KOKAI) No. 6-228614(1994)); (iii) a method of 

35 neutralizing and hydrolyzing a mixed aqueous solution containing a ferric salt and a cobalt compound with an aqueous 
alkali hydroxide solution so as to obtain goethite seed crystal particles, and subjecting the obtained goethite seed crys- 
tal particles to growth reaction due to the hydrolysis caused by neutralizing the alkali hydroxide in an aqueous ferric salt 
solution containing an Al compound (Japanese Patent Application Laid-Open (KOKAI) No. 58-176902(1983)); (iv) a 
method of aging a suspension containing an Fe 2+ -containing precipitate obtained by reacting an aqueous alkali carbon- 

40 ate with an aqueous ferrous salt solution, in a non-oxidative atmosphere, and passing an oxygen-containing gas 
through the suspension so as to conduct the oxidation reaction, thereby producing spindle-shaped goethite particles, 
wherein a Co compound is preliminarily allowed to exist in either the aqueous ferrous salt solution, the suspension con- 
taining an Fe 2+ -corrtaining precipitate or the aged suspension containing an Fe 2+ -containing precipitate before the oxi- 
dation reaction, and wherein an aqueous solution containing a compound of at least one element selected from the 

45 group consisting of Al, Si, Ca, Mg, Ba. Sr. Nd and the like, is added in a total amount of 0.1 to 5.0 mol%, calculated as 
element(s), based on Fe 2+ in the aqueous ferrous salt solution, in the course of the oxidation reaction that the percent- 
age of oxidation of Fe 2+ therein lies in the range of 50 to 90 %, under the same conditions as those of the oxidation reac- 
tion (Japanese Patent Application Laid-Open (KOKAI) No. 7-126704(1995)); (v) a method of preliminarily adding Si, a 
rare earth element or the like during the production of goethite particles and then adding a Co compound, and further 

so adding an Al compound in an amount of 6 atm% at most in the course of the oxidation reaction (Japanese Patent Appli- 
cation Laid-Open (KDKAI) Nos. 8-165501(1996) and 8-165117(1996)); (vi) a method of neutralizing ferrous salt with 
alkali hydroxide and/or alkali carbonate, doping a rare earth element and an alkali earth element into iron oxide hydrox- 
ide particles in the vicinity of a surface thereof during the oxidation reaction, and then modifying hydroxides of Al and/or 
Si on a surface of the obtained iron oxide hydroxide particles (Japanese Patent Application Laid-Open (KOKAI) No. 6- 

55 140222(1994)); or the like. 

[0015] In addition, as to the oxidation rate upon the production of goethite particles, there are known a method of 
producing goethite particles by adjusting an air-flow linear velocity to the specific range (Japanese Patent Application 
Laid-Open (KOKAI) No. 59-23922(1984)); a method of initially oxidizing not less than 30 mol% of whole Fe at the spe- 
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crfic oxidation rate and then oxidizing the remainder of Fe at a larger oxidation rate than the initial oxidation rate but not 
more than two times the initial oxidation rate (Japanese Patent Application Laid-Open (KOKAI) No. 1 -21 2232(1 989)); or 
the like. 

[001 6] In the above-mentioned Japanese KOKAIs, there has also been described magnetic metal particles contain- 
5 ing iron as a main component, which are produced from goethite particles as starting particles. 

[001 7] Magnetic metal particles presently strongly demanded are magnetic spindle-shaped metal particles contain- 
ing iron as a main component, which are fine particles, show a good particle size distribution; contain no dendritic par- 
ticles; have an appropriate particle shape, a high coercive force, an excellent particle coercive force distribution (SFDr), 
a large saturation magnetization and an excellent oxidation stability; and are excellent in sheet squareness (Br/Bm) due 
10 to the good dispersibility in a binder resin. However, in case of using as starting particles, the goethite particles 
described in the above-mentioned Japanese KOKAIs, the obtained magnetic metal particles cannot sufficiently satisfy 
the requirements of these properties. 

[0018] That is, in the production method described in Japanese Patent Application Laid-Open (KOKAI) No. 7- 
1 1310(1995), there can be obtained acicular goethite particles containing Co therein. However, the goethite particles 
15 als contain unsuitable dendritic particles therein. In addition, the obtained goethite particles cannot necessarily show 
a uniform particle size. Further, it is difficult to obtain a large saturation magnetization and a high coercive force, due to 
contents of Co and Al and positions at which Co and Al exist. 

[0019] In the production process described in Japanese Patent Application Laid-Open (KOKAI) No. 6- 
228614(1994), goethite particles which are free from inclusion of dendritic particles and have a uniform particle size, 
20 are produced by appropriately controlling the addition of aluminum. However, since the Al content is 6 atm% at most 
(calculated as Al) based on Fe and the surface of each goethite particle is coated with a Co compound, it is difficult to 
obtain a large saturation magnetization and a high coercive force. 

[0020] In the production process described in Japanese Patent Application Laid-Open (KOKAI) No. 7- 
126704(1995). the Co compound is added in an amount of 1 to 8 atm%, and further the Al compound is added in an 
25 amount of 5 atm% at most in the course of the oxidation reaction. However, it is difficult to obtain magnetic metal parti- 
cles containing iron as a main component, which show a high coercive force, a large saturation magnetization and an 
excellent oxidation stability. 

[0021] In the production processes described in Japanese Patent Application Laid-Open (KOKAI) Nos. 8- 
165501 (1 996) and 8-1651 17(1996), since the amount of aluminum added is 6 atm% at most, it is difficult to obtain mag- 
30 netic metal particles containing iron as a main component, which have a high coercive force, a large saturation magnet- 
ization and an excellent oxidation stability, and further the dispersibility in a binder resin is considered to be poor. 
Meanwhile, when the Al compound is added in the course of the oxidation reaction, it is required to continue the oxida- 
tion reaction under the same conditions as those of the initial stage. 

[0022] In the production process described in Japanese Patent Application Laid-Open (KOKAI) No. 58- 
35 176902(1983), since Fe 3 * is used as a starting material, the reaction mechanism is not oxidation but hydrolysis, and 
further the hydrothermal treatment (autclaving treatment) as a second-reaction is conducted at a temperature as high 
as more than 1 00°C. 

[0023] In the production process described in Japanese Patent Application Laid-Open (KOKAI) No. 6- 
140222(1994), no Co is added, thereby failing to obtain magnetic metal particles showing a large saturation magneti- 

40 zation and an excellent oxidation stability. 

[0024] In Japanese Patent Application Laid-Open (KOKAI) No. 59-23922(1984), there is no description that Al, Co, 
etc., which are effective for sintering prevention, exist in the goethite particles in the form of a solid solution, nor descrip- 
tion that the linear velocity of the oxygen-containing gas is increased in the course of the oxidation reaction. 
[0025] The production process described in Japanese Patent Application Laid-Open (KOKAI) No. 1 -21 2232(1 989), 

45 aims at conducting an industrially advantageous process in a short time. In order to attain the aim, after not less than 
30 mol% of whole Fe is initially oxidized, the oxidation rate is increased in order to oxidize the remainder of Fe. However, 
since the oxidation rate is less than two times the initial rate, it is still insufficient to attain the aim. In addition, in the spec- 
ification thereof, there is no description that Co and Al which are effective for sintering prevention and for imparting good 
magnetic properties to resultant magnetic metal particles, are contained in goethite particles. 

so [0026] Further, it is hardly said that the magnetic metal particles produced from the goethite particles as starting 
particles obtained according to the process described in the above Japanese KOKAIs, are fine particles which show a 
good particle size distribution, contain no dendritic particles, have a high coercive force, an excellent particle coercive 
force distribution (SFDr), a large saturation magnetization, an excellent oxidation stability and a good dispersibility in a 
binder resin, and are excellent in sheet squareness (Br/Bm) due to the good dispersibility. 

55 [0027] On the other hand, in order to obtain magnetic recording media having a higher coercive force, an excellent 
coercive force distribution (SFD) and an excellent weather resistance (ABm), it has been strongly required that the mag- 
netic metal particles containing iron as a main component have not only a higher coercive force and a larger saturation 
magnetization, but also a particle size distribution as narrow as possible, an excellent dispersibility in vehicle and an 
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excellent oxidation stability (Aos). 

[0028] However, in any of these conventional processes, it is difficult to obtain magnetic metal particles which can 
fulfill the above requirements of various properties. 

[0029] As described above, the magnetic metal particles containing iron as a main component can be produced by 

5 using spindle-shaped goethite produced by conducting the oxidation reaction by passing an oxygen-containing gas 
through an aqueous solution containing an Fe-containing precipitate obtained by reacting an aqueous ferrous salt solu- 
tion with an aqueous alkali solution, spindle-shaped hematite particles obtained by heat<iehydrating the thus obtained 
goethite particles, or particles obtained by incorporating different kind of metals other than iron into the spindle-shaped 
hematite particles, as starting particles; and heat-reducing the starting particles in a reducing gas atmosphere. 

io [00301 Since the conditions used in the heat-reduction step such as atmosphere, temperature, etc.. are extremely 
severe, the sintering tends to be caused within or between the spindle-shaped hematite particles. Especially, in order 
to obtain a large saturation magnetization which is one advantage of the magnetic metal particles, it is required to con- 
trol the heat-reducing temperature to as high a level as possible, so as to proceed the reduction reaction to a sufficient 
extent. However, when the heat-reducing temperature is increased, there is a tendency that the spindle-shaped hema- 

15 tite particles undergo destruction of particle shape. 

[0031] Alternatively, in order to obtain a high coercive force, it is required that the magnetic metal particles are 
smaller in particle size and, therefore, the spindle-shaped hematite particles used as starting particles thereof are also 
required to have a fine particle size. However, in the case of fine particles having a particle size of not more than 0.15 
jim, the destruction of particle shape in the heat-reduction step tends to be caused more remarkably. The magnetic 

20 metal particles in which the particle shape is destroyed, cannot show a high coercive force due to poor anisotropy in 
particle shape, so that the particle size distrtoution thereof is deteriorated. In the case where such fine particles are 
used for the production of magnetic recording media, the dispersibHity of these particles in vehicle is deteriorated due 
to the increase in attraction force between the particles or the increase in magnetic cohesive force when kneaded and 
dispersed in the vehicle, resulting in deterioration in squareness (Br/Bm) as a magnetic coating film and. therefore, feil- 

25 ing to obtain magnetic recording media having an excellent SFD. 

[0032] In consequence, it is strongly demanded to provide spindle-shaped hematite particles which can be pre- 
vented as highly as possible from being destroyed in particle shape when subjected to the heat-reduction step. 
[0033] Further, when such spindle-shaped fine magnetic metal particles containing iron as a main component, 
especially those having a major axial diameter of not more than 0.15 *im, are taken out and placed in air after the heat- 

30 reduction step, the oxidation reaction of these particles proceeds drastically by oxygen in air, resulting in considerable 
deterioration in magnetic properties thereof, especially in saturation magnetization thereof. As a result, the aimed mag- 
netic metal particles having a large saturation magnetization cannot be obtained, and further, when these particles are 
used to form a magnetic coating film, the weather resistance (ABm) of the coating film is deteriorated. Therefore, it is 
also strongly demanded to provide magnetic metal particles showing not only a large saturation magnetization even 

35 immediately after the heat-reduction step, but also an excellent oxidation stability. 

[0034] Hitherto, in order to improve the oxidation stability of magnetic metal particles containing iron as a main com- 
ponent there is widely known a method of incorporating Co as a different element other than Fe in an amount as large 
as more than 20 atm% (Japanese Patent Application Laid-Open (KOKAI) Nos. 3-174704(1991), 3-293703(1991). 5- 
101917(1993), 6-176912(1994), 9-22522(1997), 9-22523(1997), etc.). Further, as the method of reducing a particle 

40 size of magnetic metal particles containing iron as a main component which show a high coercive force, there is known 
a method of producing fine magnetic metal particles containing iron as a main component (Japanese Patent Application 
Laid-Open (KOKAI) No. 57-135436(1982)). 

[0035] Although starting particles presently demanded are spindle-shaped Co-containing hematite particles which 
can be prevented as highly as possible from being destroyed in particle shape in the heat-reduction step, there cannot 

45 be still obtained such starting particles which can fulfill the above properties. 

[0036] Namely, in the method of reducing a particle size of fine magnetic metal particles containing iron as a main 
component as described above, since fine spindle-shaped hematite particles are used as starting particles, the sinter- 
ing tends to be caused therewithin and/or therebetween upon the heat-reduction, resulting in destruction of the particle 
shape of the spindle-shaped hematite particles. For this reason, it is difficult to obtain magnetic metal particles having 

so the aimed high coercive force. The coercive force of the magnetic metal particles obtained by the above method is 
2,000 Oe at most Further, the destruction of particle shape upon the heat-reduction, results in poor dispersibility in 
vehicle and deterioration in SFD as a magnetic coating film. 

[0037] In the case where Co is added in a large amount, there can be obtained magnetic metal particles which are 
improved in oxidation stability. However, upon the heat-treatment, excessive growth of particles tends to occur, thereby 
55 inducing the destruction of particle shape. As a result, since the obtained magnetic metal particles are deteriorated in 
anisotropy of particle shape, it is not possible to obtain a high coercive force. Further, since the magnetic metal particles 
are deteriorated in particle size distribution and dispersibility in vehicle, the SFD of a magnetic coating film is about 0.40 
at most. 
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[0038] As a result of the present inventors' earnest studies for solving the above problems, it has been found that 
in a process of producing spindle shaped goethite particles which process comprises reacting a mixed aqueous alkali 
solution comprising an aqueous alkali carbonate solution and an aqueous alkali hydroxide solution, with an aqueous 
ferrous salt solution to obtain a water suspension containing an Fe 2+ -containing precipitate; aging the water suspension 
5 containing the Fe 2+ -containing precipitate in a non-oxidative atmosphere; passing an oxygen-containing gas through 
the resultant water suspension to conduct the oxidation reaction, thereby producing spindle-shaped goethite seed crys- 
tal particles; and passing an oxygen-containing gas through a water suspension containing both the Fe 2+ -containing 
precipitate and the spindle-shaped goethite seed crystal particles to conduct the oxidation reaction, thereby growing a 
goethite layer on a surface of each spindle-shaped goethite seed crystal particle, 

10 

upon the production of the spindle-shaped goethite seed crystal particles, by adding a Co compound in an amount 
of 8 to 45 atm% (calculated as Co) based on whole Fe, to the water suspension containing the Fe 2+ -containing pre- 
cipitate during the aging-treatment before initiation of the oxidation reaction, and conducting the oxidation reaction 
to oxidize 30 to 80 mol % of whole Fe 2+ , and 

75 upon the growth of the goethite layer, by adjusting a linear velocity of the oxygen-containing gas passed through 
the water suspension containing both the Fe 2+ -containing precipitate and the spindle-shaped goethite seed crystal 
particles, to not less than two times that of the oxygen-containing gas passed through the water suspension con- 
taining the Fe 2+ -containing precipitate upon the production of the goethite seed crystal particles, and adding an Al 
compound in an amount of 5 to 20 atm% (calculated as Al) based on whole Fe, 

20 there can be obtained spindle-shaped goethite particles which contain 8 to 45 atm% of Co (calculated as Co) 
based on whole Fe and 5 to 20 atm% of Al (calculated as Al) based on whole Fe; which have an average major 
axial diameter of 0.05 to 0.18 ^m; and which comprise a seed portion and a surface layer portion, wherein the 
weight ratio of the seed portion to the surface layer portion is 30:70 to 80:20, the Co concentration of the seed por- 
tion is less than that of the surface layer portion, and Al exists only in the surface layer portion; and further which 

25 are fine particles, have an excellent particle size distribution (standard deviation/major axial diameter) and an 
appropriate particle shape, and are free from inclusion of dendritic particles. The present invention has been 
attained on the basis of the finding. 

[0039] It is an object of the present invention to provide spindle-shaped goethite particles which are fine particles 
30 and free from inclusion of dendiritic particles, and have a good particle size distribution and an appropriate particle 
shape. 

[0040] It is an another object of the present invention to provide spindle-shaped hematite particles suitable as start- 
ing particles for the production of the magnetic spindle-shaped metal particles containing Fe as a main component 
which can be prevented as highly as possible from being destroyed in particle shape upon the heat-reduction step, and 
35 show a higher coercive force, especially not less than 2,000 Oe, a large saturation magnetization, especially not less 
than 130 emu/g, an excellent oxidation stability, and an excellent SFD of a magnetic coating film, especially less than 
0.40. 

[0041] It is further object of the present invention to provide magnetic spindle-shaped metal particles containing 
iron as a main component which are produced from the spindle-shaped goethite particles or spindle-shaped hematite 
40 particles as starting particles, show a high coercive force, an excellent particle coercive force distribution (SFDr), a large 
saturation magnetization and an excellent oxidation stability, and are excellent in sheet squareness (Br/Bm) due to a 
good dispersibility in a binder resin. 

[0042] To accomplish the aims, in a first aspect of the present invention, there is provided spindle-shaped goethite 
particles containing cobalt of 8 to 45 atm%, calculated as Co, based on whole Fe, aluminum of 5 to 20 atm%, calculated 
45 as Al, based on whole Fe, and having an average major axial diameter of 0.05 to 0.18 (im, 

each of said spindle-shaped goethite particles comprising a seed portion and a surface layer portion, the weight 
ratio of said seed portion to said surface layer portion being 30:70 to 80:20 and the relationship of the Co concen- 
tration of the seed portion with that of the goethite particle being 50 to 95 : 100 when the Co concentration of the 
so goethite particle is 100, and the aluminum existing only in said surface layer portion. 

[0043] In a second aspect of the present invention, there is provided spindle-shaped goethite particles containing 
cobalt of more than 20 atm% and not more than 45 atm%, calculated as Co, based on whole Fe, aluminum of 5 to 1 5 
atm% calculated as Al, based on whole Fe, and having an average major axial diameter of 0.05 to 0.1 7 jim, an average 
55 minor axial diameter of 0.010 to 0.025 fim, an aspect ratio (average major axial diameter/average minor axial diameter) 
of 4:1 to 8:1, and a BET specific surface area of 100 to 250 rr^/g, the aluminum existing only in said surface layer por- 
tion. 

[0044] In a third aspect of the present invention, there is provided spindle-shaped hematite particles containing 
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cobalt of 8 to 45 atm%. calculated as Co. based on whole Fe, aluminum of 5 to 20 atm%, calculated as Al, based on 
whole Fe. and a rare earth element of 1 to 15 atm%, calculated as rare earth element, based on whole Fe, and having 
an average particle size of 0.05 to 0.17 |im, 

each of said spindle-shaped hematite particles comprising a seed portion, an intermediate layer portion and an 
outer layer portion, the weight ratio of said seed portion to said intermediate layer portion being 30:70 to 80:20 and 
the relationship of the Co concentration of the seed portion with that of the hematite particle being 50 to 95 : 100 
when the Co concentration of the hematite particle is 1 00. the aluminum existing only in said intermediate layer por- 
tion and said rare earth element existing in said outer layer portion. 
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[0045] In a fourth aspect of the present invention, there is provided spindle-shaped hematite particles containing 
cobalt of more than 20 atm% and not more than 45 atm%. calculated as Co. based on whole Fe, aluminum of 5 to 15 
atm%, calculated as Al, based on whole Fe. and a rare earth element of 5 to 1 5 atm%, calculated as rare earth element, 
based on whole Fe, and having an average major axial diameter of 0.05 to 0.14 urn, an aspect ratio (average major axial 
is diameter/average minor axial diameter) of 4:1 to 8:1, a crystallite size D n04 of 50 to 80 A, a saturation magnetization as 
of 0.5 to 2 emu/g, the aluminum existing only in said intermediate layer portion and said rare earth element existing in 
said outer layer portion. 

[0046] In a fifth aspect of the present invention, there is provided magnetic spindle-shaped metal particles contain- 
ing iron as a main component, which contain cobalt of 8 to 45 atm%, calculated as Co, based on whole Fe. aluminum 

so of 5 to 20 atm%. calculated as Al, based on whole Fe. and a rare earth element of 1 to 15 atm%, calculated as rare 
earth element, based on whole Fe, and have an average major axial diameter of 0.05 to 0.15 urn. 
[0047] In a sixth aspect of the present invention, there is provided magnetic spindle-shaped metal particles contain- 
ing iron as a main component, which contain cobalt of more than 20 atm% and not more than 45 atm%, calculated as 
Co, based on whole Fe, aluminum of 5 to 1 5 atm%. calculated as Al. based on whole Fe. and a rare earth element of 5 

25 to 15 atm%, calculated as rare earth element, based on whole Fe, and have an average major axial diameter of 0.05 to 
0.14 urn, an aspect ratio (average major axial diameter/average minor axial diameter) of 4:1 to 8:1 . an X-ray crystallite 
size D 110 of 12.0 to 17.0 nm, a coercive force of 2,000 to 2.500 Oe and a saturation magnetization as of 130 to 160 
emu/g. 

[0048] In a seventh aspect of the present invention, there is provided a process for producing the spindle-shaped 
30 goethite particles, comprising: 

aging a water suspension containing an Fe 2+ -containing precipitate produced by reacting a mixed aqueous alkali 
solution comprising an aqueous alkali carbonate solution and an aqueous alkali hydroxide solution, with an aque- 
ous ferrous salt solution, in a non-oxidative atmosphere; 
35 conducting an oxidation reaction by passing an oxygen-containing gas through the water suspension, thereby pro- 
ducing spindle-shaped goethite seed crystal particles; and 

passing again an oxygen-containing gas through the resultant water suspension containing both said Fe '•■-contain- 
ing precipitate and said spindle-shaped goethite seed crystal particles to conduct the oxidation reaction of the 
water suspension, thereby growing a goethite layer on a surface of each spindle-shaped goethite seed crystal par- 
40 tide, 

upon the production of said spindle-shaped goethite seed crystal particles, a Co compound being added in an 
amount of 8 to 45 atm%. calculated as Co, based on whole Fe, to said water suspension containing the Fe "--con- 
taining precipitate during the aging treatment before initiation of the oxidation reaction, thereby oxidizing 30 to 80 
% of whole Fe 2+ , and 

45 upon the growth of said goethite layer, a linear Velocity of said oxygen-containing gas passing through said water 
suspension containing both the Fe 2+ -containing precipitate and the spindle-shaped goethite seed crystal particles, 
being adjusted to not less than two times that of the oxygen-containing gas passing through the water suspension 
containing the Fe 2+ -containing precipitate upon the production of the goethite seed crystal particles, and an Al 
compound being added in an amount of 5 to 20 atm%, calculated as Al, based on whole Fe. 
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[0049] In an eighth aspect of the present invention, there is provided a process for producing spindle-shaped hem- 
atite particles, comprising: 

treating said spindle-shaped goethite particles obtained in the seventh aspect with an anti-sintering agent compris- 
55 ing a rare earth element-containing compound; and 

heat-treating the spindle-shaped goethite particles at 400 to 850°C in a non-reducing atmosphere. 

[0050] In a ninth aspect of the present invention, there is provided a process for producing magnetic spindle- 
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shaped metal particles containing iron as a main component, comprising: 

treating said spindle-shaped goethite particles obtained in the seventh aspect with an anti-sintering agent compris- 
ing a rare earth element-containing compound; and 
s then heat-reducing said spindle-shaped goethrte particles at 400 to 700°C in a reducing atmosphere. 

[0051] In a tenth aspect of the present invention, there is provided a process for producing magnetic spindle- 
shaped metal particles containing iron as a main component, comprising: 

10 treating said spindle-shaped goethrte particles obtained in the seventh aspect with an anti -sintering agent compris- 
ing a rare earth element-containing compound; 

heat-treating the treated spindle-shaped goethite particles at 400 to 850°C in a non-reducing atmosphere; and 
then heat-reducing said heat-treated particles at 400 to 700°C in a reducing atmosphere. 

15 [0052] In an eleventh aspect of the present invention, there is provided a process for producing magnetic spindle- 
shaped metal particles containing iron as a main component, comprising: 

heat-reducing said spindle-shaped hematite particles obtained in the eighth aspect at 400 to 700°C in a reducing 
gas atmosphere. 

20 

[0053] In a twelfth aspect of the present invention, there is provided a process for producing magnetic spindle- 
shaped metal particles containing iron as a main component, which are suitable for magnetic recording, comprising: 

charging spindle-shaped goethite particles containing cobalt of 20 to 45 atm%, calculated as Co, based on whole 
25 Fe and having a major axial diameter of 0.05 to 0.15 fim, or spindle-shaped hematite particles obtained by heat- 
dehydrating said goethite particles, as starting particles, into a fixed-bed reducing apparatus to form a fixed-bed 
having a height of not more than 30 cm; 

elevating the temperature of said starting particles to 400 to 700°C in an inert gas atmosphere; 
replacing the inert gas atmosphere with a reducing gas atmosphere; and 
30 reducing said spindle-shaped goethite particles or spindle-shaped hematite particles with a reducing gas fed at a 
linear velocity of 40 to 1 50 cm/s, at temperature of 400 to 700°C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0054] 

Fig. 1 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped goethite parti- 
cles obtained in Example 1 according to the present invention. 

Fig. 2 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped hematite parti- 
40 cles obtained in Example 2 according to the present invention. 

Fig. 3 is a transmission electron micrograph (x 30,000) showing a particle shape of magnetic spindle-shaped metal 
particles containing iron as a main component which were obtained in Example 3 according to the present inven- 
tion. 

Fig. 4 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped goethite parti- 
es cles obtained in Example 9 according to the present invention. 

Fig. 5 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped hematite parti- 
cles obtained in Example 16 according to the present invention. 

Fig. 6 is a transmission electron micrograph (x 30,000) showing a particle shape of magnetic spindle-shaped metal 
particles containing iron as a main component which were obtained in Example 22 according to the present inven- 
so tion. 

Fig. 7 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped goethite parti- 
cles obtained in Comparative Example 1 . 

Fig. 8 is a transmission electron micrograph (x 30,000) showing a particle shape of magnetic spindle-shaped metal 
particles containing iron as a main component which were obtained in Comparative Example 10. 
55 Fig. 9 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped goethite parti- 
cles obtained in Example 4 according to the present invention. 

Fig. 10 is a transmission electron micrograph (x 30,000) showing a particle shape of spindle-shaped hematite par- 
ticles obtained in Example 5 according to the present invention. 
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Fig. 11 is a transmission electron micrograph (x 30.000) showing a particle shape of magnetic spindle-shaped 
metal particles containing iron as a main component which were obtained in Example 6 according to the present 
invention. 

Fig. 12 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped goethite par- 
5 tides 1 as starting particles. 

Fig. 13 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped goethite par- 
ticles 2 as starting particles. 

Fig. 14 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped goethite par- 
ticles 3 as starting particles. 

10 Fig. 15 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped hematite par- 
ticles obtained in Example 30 according to the present invention. 

Fig. 16 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped hematite par- 
ticles obtained in Example 31 according to the present invention. 

Fig. 17 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped hematite par- 
rs tides obtained in Comparative Example 15. 

Fig. 18 is a transmission electron micrograph (x 30.000) showing a particle shape of spindle-shaped hematite par- 
ticles obtained in Comparative Example 1 7. 

Fig. 19 is a transmission electron micrograph (x 30.000) showing a particle shape of magnetic spindle-shaped 
metal particles obtained in Example 34 which were produced from spindle-shaped hematite particles obtained in 
20 Example 30. 

Fig. 20 is a transmission electron micrograph (x 30.000) showing a particle shape of magnetic spindle-shaped 
metal particles obtained in Example 35 which were produced from spindle-shaped hematite particles obtained in 

Example 31. . 

Fig. 21 shows an X-ray diffraction pattern (mark o: hematite, and mark a: spinel-type iron oxide) of spindle-shaped 

25 hematite particles obtained in Example 5. 

Fig. 22 shows an X-ray diffraction pattern (mark o: hematite, and mark a: spinel-type iron oxide) of spindle-shaped 
hematite particles obtained in Comparative Example 15. 

Fig. 23 shows an X-ray diffraction pattern (mark o: hematite) of spindle-shaped hematite partides obtained in Com- 
parative Example 16. 

30 

[0055] The present invention is described in detail below. 

[0056] First, the spindle-shaped goethite particles according to the present invention are explained. 
[0057] The spindle-shaped goethite particles according to the present invention have an average major axial diam- 
eter of usually 0.05 to 0.18 nm, preferably 0.05 to 0.17 urn, more preferably 0.05 to 0.16 urn, still more preferably 0.05 
35 to 0. 1 5 jim, a partide size distribution (standard deviation/average major axial diameter) of usually not more than 0.24. 
preferably 0.10 to 0.24, more preferably 0.10 to 0.22, an average minor axia| diameter of 0.010 to 0.025 ^m, preferably 
0.010 to 0.023 um. and an aspect ratio (average major axial diameter/average minor axial diameter) of usually 4:1 to 
8:1. preferably 4:1 to 7.7:1. 

[0058] The BET specific surface area of the spindle-shaped goethite particles according to the present invention, 
40 is usually 1 00 to 250 rr^/g, preferably 1 20 to 230 rrfrg. 

[0059] The spindle-shaped goethite partides according to the present invention contain cobalt in an amount of usu^ 
ally 8 to 45 atm%, preferably 10 to 40 atm% (calculated as Co) based on whole Fe. and aluminum in an amount of usu- 
ally 5 to 20 atm%, preferably 6 to 15 atm% (calculated as Al) based on whole Fe. 

[0060] Each partide of the spindle-shaped goethite particles according to the present invention, comprises a 

45 goethite seed portion (core partide) and a goethite surface layer portion. 

[0061] The seed portion means a goethite seed crystal particle formed by oxidizing the ferrous salt added, befor 
adding the Al compound. More specifically, the seed portion represents a portion extending outwardly from the center 
of each particle and having a specific weight percentage determined according to a percentage of oxidation of Fe 2 *. 
The weight percentage of the seed portion is usually 30 to 80 % by weight, preferably 40 to 70 % by weight based on 

so the weight of the goethite particle from the center of each partide. 

[0062] The Co concentration of the seed portion of the goethite partide is represented by the relationship of the Co 
concentration of the seed portion of the goethite partide with that of the goethite partide. The Co concentration of the 
seed portion of the goethite particle is expressed by the Co content (atm%) in the seed portion of the goethite partide 
based on the Fe content in the seed portion of the goethite particle, and the Co concentration of the goethite particle is 

55 expressed by the whole Co content (atm%) in the goethite particle based on the whole Fe content in the goethite par- 
ticle. The relationship of the Co concentration of the seed portion with that of the goethite particle is usually 50 to 95 : 
100. preferably 60 to 90 : 100, when the Co concentration of the goethite particle is 100. If the relationship of the Co 
concentration of the seed portion with that of the goethite particle is less than 50:100, the effect of improving magnetic 
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properties of the magnetic particles produced from the goethite particle may not be obtained. On the other hand, if the 
relationship of the Co concentration is more than 95:100, it is difficult to exhibit a sufficient shape-retention property 
upon the reduction reaction, thereby causing deterioration in magnetic properties thereof. 

[0063] The surface layer portion means a goethite layer formed by the growth reaction on the surface of each 
5 goethite seed crystal particle after the addition of the Al compound. More specifically, the surface layer portion repre- 
sents a portion extending inwardly from an outer surface of each goethite particle. The weight percentage of the surface 
layer portion is usually 20 to 70 % by weight, preferably 30 to 60 % by weight based on the weight of the goethite particle 
from the outer surface of each particle. 

[0064] The Co concentration in the surface layer portion of the goethite particle is more than that of the seed portion 
10 of the goethite particle. The Co concentration of the surface layer portion of the goethite particle is represented by the 
relationship of the Co concentration of the surface layer portion of the goethite particle with that of the goethite particle. 
The Co concentration of the surface layer portion of the goethite particle is expressed by the Co content (atm%) in the 
surface layer portion of the goethite particle based on the Fe content in the surface layer portion of the goethite particle, 
and the Co concentration of the goethite particle is expressed by the whole Co content (atm%) in the goethite particle 
is based on the whole Fe content in the goethite particle. The relationship of the Co concentration of the surface layer por- 
tion with that of the goethite particle is usually 102 to 300 : 100, preferably 106 to 194 : 100, when the Co concentration 
of th goethite particle is 1 00. 

[0065] Aluminum is present only in the surface layer portion, and the Al content is usually 5 to 20 atm%, preferably 
6 to 15 atm%, more preferably 7 to 12 atm% (calculated as Al) based on whole Fe. When the Al content is less than 5 
20 atm%, the anti-sintering effect may not be obtained. On the other hand, when the Al content is more than 20 atm% ( the 
obtained goethite particles may be deteriorated in magnetic properties, especially saturation magnetization. 
[0066] The X-ray crystallite size ratio (D 020 /Di 10) of the spindle-shaped goethite particles according to the present 
invention, is not less than 2.0:1 , preferably 2.0 to 3.0. 

[0067] Next, the process for producing the spindle-shaped goethite particles according to the present invention is 
25 described. 

[0068] The spindle-shaped goethite particles according to the present invention can be obtained by producing 
goethite seed crystal particles and then growing a goethite layer on the surface of each goethite seed crystal particle. 
[0069] The goethite seed crystal particles can be obtained by aging a water suspension containing an Fe 2+ -con- 
taining precipitate produced by reacting a mixed aqueous alkali solution composed of an aqueous alkali carbonate solu- 

30 tion and an aqueous alkali hydroxide solution, with an aqueous ferrous salt solution, in a non-oxidative atmosphere, and 
passing an oxygen-containing gas through the water suspension to form spindle-shaped goethite seed crystal particles. 
Upon the production of the goethite seed crystal particles, a Co compound can be added in an amount of usually 8 to 
45 atm%, preferably 1 0 to 40 atm% (calculated as Co) based on whole Fe. to the water suspension containing the Fe 2 *- 
containing precipitate during the aging treatment before the initiation of the oxidation reaction. 

35 [0070] The aging of the water suspension is preferably conducted at a temperature of usually 40 to 80°C in a non- 
oxidative atmosphere. When the temperature is less than 40°C, the obtained goethite particles may have a small aspect 
ratio, so that the aging effect may not be sufficiently exhibited. On the other hand, when the temperature is more than 
80°C, magnetite particles tend to be contained in the obtained goethite particles. The aging time is usually 30 to 300 
minutes, preferably 60 to 300 minutes. When the aging time is less than 30 minutes, it is difficult to sufficiently increase 

40 the aspect ratio of the goethite particles. The aging time may be more than 300 minutes, but such a long aging time 
cannot show a further improvement and, therefore, meaningless. 

[0071] The non-oxidative atmosphere can be obtained by passing an inert gas such as a nitrogen gas, or a reduc- 
ing gas such as a hydrogen gas, through a reactor into which the water suspension is accommodated. 
[00721 In the production reaction of the spindle-shaped goethite seed crystal partides, as the aqueous ferrous salt 

45 solution, there may be used an aqueous ferrous sulfate solution, an aqueous ferrous chloride solution or the like. 

[0073] The mixed aqueous alkali solution used in the production reaction of the spindle-shaped goethite seed crys- 
tal particles, can be obtained by mixing an aqueous alkali carbonate solution with an aqueous alkali hydroxide solution. 
As to the mixing ratio (expressed by % calculated as normality), the percentage of the aqueous alkali hydroxide solution 
is usually 10 to 40 %, preferably 15 to 35 % (% calculated as normality). When the percentage of the aqueous alkali 

so hydroxide solution is less than 1 0 %, the aspect ratio of the obtained goethite seed crystal particles may be unsatisfac- 
tory. On the other hand, when the percentage of the aqueous alkali hydroxide solution is more than 40 % P magnetite 
partides tend to be contained in the obtained goethite particles. 

[0074] As the aqueous alkali carbonate solutions, there may be used an aqueous sodium carbonate solution, an 
aqueous potassium carbonate solution, an aqueous ammonium carbonate solution, or the like. As the aqueous alkali 
55 hydroxide solutions, there may be used am aqueous sodium hydroxide solution, potassium hydroxide solution or the 
like. As the aqueous alkali hydroxide solution, there may be used an aqueous sodium hydroxide solution, an aqueous 
potassium hydroxide solution, or the like. 

[0075] The equivalent ratio of the mixed aqueous alkali solution to whole Fe in the aqueous ferrous salt solution is 
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usually 1 .3:1 to 3.5:1 , preferably 1 .5:1 to 2.5:1 . When the equivalent ratio of the mixed aqueous alkali solution to whole 
Fe is less than 1.3;1, magnetite particles tend to be contained in the obtained goethite particles. On the other hand, 
when the equivalent ratio thereof is more than 3.5:1. the amount of the mixed aqueous alkali solution becomes large, 
which is disadvantageous from the industrial viewpoint. 

5 [0076] The Fe 2+ concentration after mixing the aqueous ferrous salt solution with the mixed aqueous alkali solution, 
is usually 0.1 to 1.0 mol/liter, preferably 0.2 to 0.8 mol/liter. When the Fe 2+ concentration is less than 0.1 mol/liter, the 
yield of goethite particles becomes low, which is disadvantageous from the industrial viewpoint. On the other hand, 
when he Fe 2+ concentration is more than 1.0 mol/liter. the particle size distribution of the obtained goethite particles 
becomes disadvantageous^ large. 

w [0077] The pH value in the production reaction of the spindle-shaped goethite seed crystal particles, is usually 8.0 
to 1 1 .5, preferably 8.5 to 1 1 .0. When the pH value is less than 8.0. a large amount of acid radicals tend to be contained 
in the obtained goethite particles. Since such add racGcals cannot be simply removed even by washing, the sintering 
between particles is caused when magnetic metal particles containing iron as a main component are produced from 
these goethite particles. On the other hand, when the pH value is more than 1 1.5, it is difficult to obtain magnetic metal 

is particles having the aimed high coercive force. 

[0078] The production reaction of the spindle-shaped goethite seed crystal particles may be conducted by the oxi- 
dation reaction by passing an oxygen-containing gas (e.g., air) through the solution. 

[0079] The linear velocity of the oxygen-containing gas is usually 0.5 to 3.5 cm/s. preferably 1 .0 to 3.0 cm/s. 
[0080] The linear velocity means an amount of the oxygen-containing gas passed per a unit sectional area (a bot- 
20 t m sectional area of a column reactor, and a diameter and number of pores of a bottom plate are not taken into con- 
sideration), and is expressed by a unit of cm/second. 

[0081] The temperature used for the production reaction of the spindle-shaped goethite seed crystal particles, is 
usually not more than 80°C at which goethite particles are produced. When the temperature is more than 80°C, mag- 
netite particles tend to be contained in the obtained spindle-shaped goethite particles. The temperature thereof is pref- 
25 erably 45 to 55°C. 

[0082] In the production reaction of the spindle-shaped goethite seed crystal particles, as the Co compounds, there 
may be used cobalt sulfate, cobalt chloride, cobalt nitrate or the like. The Co compound may be added to the water sus- 
pension containing the Fe 2+ -containing precipitate during the aging treatment thereof before the initiation of the oxida- 
tion reaction. 

30 [0083] The amount of the Co compound added is usually 8 to 45 atm%, preferably 1 0 to 40 atm%. more preferably 
10 to 35 atm% (calculated as Co) based on whole Fe. When the amount of the Co compound added is less than 8 
atm%. the effect of improving magnetic properties of the finally produced magnetic metal particles may not be exhibited. 
On the other hand, when amount of the Co compound added is more than 45 atm%, the obtained particles are too fine 
to exhibit a small aspect ratio. 

35 [0084] In the growth reaction of the goethite layer, the pH value thereof is usually 8.0 to 1 1 .5, preferably 8.5 to 1 1 .0. 
When the pH value is less than 8.0. a large amount of add radicals may be contained in the obtained goethite particles. 
Since the acid radicals may not be simply removed even by washing, the sintered particles tend to be caused when the 
magnetic metal particles are produced from these goethite particles. On the other hand, when the pH value is more 
than 1 1.5. there cannot be obtained magnetic metal particles having the aimed high coercive force. 

40 [0085] The growth reaction of the goethite layer may be conducted by the oxidation reaction by passing an oxygen- 
containing gas (e.g„ air) through the solution. 

[0086] In the growth reaction of goethite particles, the linear velocity of the oxygen-containing gas passed upon the 
growth reaction, is usually not less than two times, preferably 2 to 3.5 times that in the production reaction of the seed 
crystal particles. When the linear velocity is less than two times, the viscosity of the water suspension may be increased 
45 upon the addition of Al, so that the crystal growth in the minor axial direction may be accelerated and, therefore, the 
aspect ratio of the obtained particles may be lowered. More specifically, the linear velocity of the oxygen-containing gas 
passed upon the growth reaction, is usually 1.0 to 7.0 cm/s, preferably 2.0 to 6.0 cm/s. 

[0087] The temperature used in the growth reaction of the goethite layer, is usually not more than 80°C at which 
goethite particles are produced. When the temperature is more than 80°C, magnetite particles tends to be contained in 
so the obtained goethite particles. The temperature thereof is preferably 45 to 55°C. 

[0088] In the growth reaction of the goethite layer, as the Al compounds, there may be used acid salts such as alu- 
minum sulfate, aluminum chloride or aluminum nitrate; or aluminates such as sodium aluminate. potassium aluminate 
or ammonium aluminate; or the like. 

[0089] The Al compound may be added (i) simultaneously when the linear velocity of the oxygen-containing gas 
55 reaches not less than two times that upon the production reaction of the seed crystal particles, (ii) during or (iii) after 
passing the oxygen-containing gas at the linear velocity of not less than two times that upon the production reaction of 
the seed crystal particles. The addition of the Al compound is preferably conducted (i) simultaneously when the linear 
velocity of the oxygen-containing gas reaches not less than two times that upon the production reaction of the seed 
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crystal particles, or (ii) during passing the oxygen-containing gas at the linear velocity of not less than two times that 
upon the production reaction of the seed crystal particles When the Al compound is added in parts, continuously or 
intermittently, the effect of the present invention may not be sufficiently exhibited. 

[0090] The amount of the Al compound added is usually 5 to 20 atm%, preferably 6 to 1 5 atm%, more preferably 7 
5 to 12 atm% (calculated as Al) based on whole Fe in the spindle-shaped goethite particles as a final product. When the 
amount of the Al compound added is less than 5 atm%, the anti-sintering effect may not be obtained. On the other hand, 
when the amount of the Al compound added is more than 20 atm%, particles other than goethite particles may be pro- 
duced, so that the magnetic properties of the obtained particles, especially saturation magnetization, may be deterio- 
rated. 

io [0091] Incidentally, prior to the growth reaction of the goethite layer, the obtained goethite seed crystal particles 
may be aged in a non-oxidative atmosphere before passing the oxygen-containing gas at the linear velocity thereof 
reaches not less than two times that upon the production reaction of the seed crystal particles. In such a case, the aging 
may be conducted under the same conditions as those used in the aging treatment conducted before the production 
reaction of the goethite seed crystal particles. 

75 [0092] Next, the spindle-shaped hematite particles according to the present invention are described. 

[0093] The spindle-shaped hematite particles according to the present invention has an average major axial diam- 
eter of usually 0.05 to 0.17 jim, preferably 0.05 to 0.15 iim, more preferably 0.05 to 0.14 jim, still more preferably 0.05 
to 0.13 iim, a particle size distribution (standard deviation/average major axial diameter) of usually not more than 0.22, 
preferably 0.10 to 0.22, more preferably 0.10 to 0.20, an average minor axial diameter of usually 0.010 to 0.025 nm, 

20 preferably 0.010 to 0.023 |im, more preferably 0.01 0 to 0.022 jim, still more preferably 0.010 to 0.020 \xn t and an aspect 
ratio (average major axial diameter/average minor axial diameter) of 4:1 to 8:1 , preferably 4:1 to 7.5:1. 
[0094] The BET specific surface area of the spindle-shaped hematite particles according to the present invention, 
is usually 30 to 150 rrr^/g, preferably 50 to 120 m 2 /g. 

[0095] The spindle-shaped hematite particles according to the present invention contain cobalt in an amount of 
25 usually 8 to 45 atm%, preferably 1 0 to 40 atm%, more preferably 1 0 to 35 atm% (calculated as Co) based on whole Fe, 
aluminum in an amount of usually 5 to 20 atm%. preferably 6 to 15 atm%, more preferably 7 to 12 atm% (calculated as 
Al) based on whole Fe. and a rare earth element in an amount of preferably 1 to 15 atm%. more preferably 4 to 12 
atm%. still more preferably 5 to 10 atm% (calculated as rare earth element) based on whole Fe. 
[0096] As the suitable rare earth elements, there may be used at least one rare earth element selected from the 
30 group consisting of scandium, yttrium, lanthanum, cerium, praseodymium, neodymium and samarium. Among them, 
yttrium and neodymium are preferable. 

[0097] The spindle-shaped hematite particles according to the present invention, comprise a hematite seed portion 
(core particle), a hematite intermediate layer portion formed on the surface portion of the core particle, and an outer 
layer portion formed on the surface portion of the intermediate layer portion. 
35 [0098] The seed portion of the spindle-shape hematite particles is a portion which is derived from the seed portion 
of the starting goethite particles. The seed portion is a portion which extends outwardly from the center of each particle. 
The weight percentage of such a seed portion is usually 30 to 80 % by weight, preferably 40 to 70 % by weight based 
on the weight of the seed portion and intermediate layer portion of the hematite particle. 

[0099] The Co concentration of the seed portion of the hematite particle is represented by the relationship of the 

40 Co concentration of the seed portion of the hematite particle with that of the hematite particle. The Co concentration of 
the seed portion of the hematite particle is expressed by the Co content (atm%) in the seed portion of the hematite par- 
ticle based on the Fe content in the seed portion of the hematite particle, and the Co concentration of the hematite par- 
ticle is expressed by the whole Co content (atm%) in the hematite particle based on the whole Fe content in the 
hematite particle. The relationship of the Co concentration of the seed portion with that of the hematite particle is usu- 

45 ally 50 to 95 : 100, preferably 60 to 90 : 100, when the Co concentration of the hematite particle is 100. 

[0100] The intermediate layer portion is which is derived from the surface layer portion of the starting goethite par- 
ticles. The intermediate layer portion is a portion which extends inwardly from an outer surface of each particle exclud- 
ing the outer layer portion composed of rare earth element. The weight percentage of the intermediate layer portion, is 
usually 20 to 70 % by weight, preferably 30 to 60 % by weight based on the weight of the seed portion and intermediate 

so layer portion of the hematite particle. 

[0101] The Co concentration in the intermediate layer portion of the hematite particle is more than that of the seed 
portion of the hematite particle. The Co concentration of the intermediate layer portion of the hematite particle is repre- 
sented by the relationship of the Co concentration of the intermediate layer portion of the hematite particle with that of 
the hematite particle. The Co concentration of the intermediate layer portion of the hematite particle is expressed by the 

55 Co content (atm%) in the intermediate layer portion of the hematite particle based on the Fe content in the intermediate 
layer portion of the hematite particle, and the Co concentration of the hematite particle is expressed by the whole Co 
content (atm%) in the hematite particle based on the whole Fe content in the hematite particle. The relationship of the 
Co concentration of the intermediate layer portion with that of the hematite particle is usually 102 to 300 : 100, prefer- 
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ably 106 to 194 : 100, when the Co concentration of the hematite particle is 100. 

[01021 Aluminum may exist only in the intermediate layer portion, and the Al content is usually 5 to 20 atm%, pref- 
erably 6 to 15 atm%. more preferably 7 to 12 atm% (calculated as Al) based on whole Fe. When the Al content is less 
than 5 atm%, the anti-sintering effect may not be obtained. On the other hand, when the Al content is more than 20 
5 atm%, the obtained hematite particles are deteriorated in magnetic properties, especially saturation magnetization. 
[01 03] The outer layer portion may be composed of compounds of rare earth element. 

[01 04] The content of rare earth element in the outer layer portion, is preferably 1 to 1 5 atm%, more preferably 4 to 
12 atm% still more preferably 5 to 10 atm% (calculated as the rare earth element) based on whole Fe. When the con- 
tent of rare earth element in the outer layer portion is less than 1 atm%, the anti-sintering effect may not be obtained. 
w On the other hand, when the content of rare earth element is more than 1 5 atm%, the saturation magnetization of the 
obtained hematite particles may be reduced. m . 

[0105] Next, the process tor producing the spindle-shaped hematite particles accorcfing to the present invention is 

described. 

[01 06] The spindle-shaped goethite particles used as starting particles may be coated with an anti-sintering agent 
is to impart an anti-sintering property thereto, in advance of the heat-dehydration treatment. 
[01 07] As the anti-sintering agent, there may be used compounds of rare earth elements. 

[01 08] As the suitable compounds of rare earth elements, there may be exemplified compounds containing at least 
ne rare earth element selected from the group consisting of scandium, yttrium, lanthanum, cerium, praseodymium, 
neodymium, samarium and the lite. Examples of the compounds of rare earth elements may include chlorides, sulfates, 
20 nitrates etc.. of the above-mentioned rare earth elements. As the method of coating the goethite particles with the com- 
poundsof rare earth elements, there may be used either a dry-coating method or a wet-coating method. Among them, 
the wet-coating method is preferable. 

[0109] The amount of the compound of the rare earth element used is preferably 1 to 15 atm%. more preferably 4 
to 12 atm% still more preferably 5 to 10 atm% (calculated as the rare earth element) based on whole Fe. When the 
25 amount of the compound of the rare earth element used is less than 1 atm%, a sufficient anti-sintering effect may not 
be obtained, so that when magnetic metal particles are produced from such hematite particles, the particle coercive 
force distribution (SFDr) thereof may be deteriorated. On the other hand, when the amount of the compound of the rare 
earth element used is more than 15 atm%, the saturation magnetization of the obtained particles may be lowered. 
[01 1 0] In order to enhance the anti-sintering effect, there may be used one or more compounds containing at least 
so one element selected from the group consisting of Al, Si, B. Ca. Mg, Ba and Sr, if necessary. These compounds not 
only can exhibit the anti-sintering effect, but also can control the reduction rate. Therefore, these compounds may be 
used in combination depending upon requirements. In the case where the compounds containing the other elements 
are used in combination with the rare earth compounds, the total amount of the rare earth compounds as the artti-sin- 
tering agent and the compounds containing the other elements than the rare earth element is preferably 1 to 15 atm% 
35 (calculated as the sum of respective elements) based on whole Fe in the spindle-shaped goethite particles. When the 
total amount is too small, a sufficient anti-sintering effect may not be obtained. On the other hand, when the total 
amount is too large, the saturation magnetization of the finally obtained magnetic metal particles may be deteriorated. 
Accordingly, the amounts of the rare earth compounds and the compounds of the other elements used may be appro- 
priately selected according to the combination thereof to obtain an optimum effect. 

[01 1 1 ] By preliminarily coating the spindle-shaped goethite particles with the anti-sintering agent or the like, there 
can be obtained spindle-shaped hematite particles which can be prevented from causing the sintering therewithin or 
therebetween, and can successively maintain a particle shape and aspect ratio of the spindle-shaped goethite parti- 
cles, resulting in facilitating the production of independent magnetic metal particles containing iron as a main compo- 
nent which can well maintain the particle shape and the like of the starting goethite particles. 

[01 1 2] The spindle-shaped hematite particles can be produced by heat-treating the spindle-shaped goethite parti- 
cles coated with the anti-sintering agent, at a temperature of 400 to 850°C. preferably 450 to 800°C in a non-reducing 

atmosphere. . 
[01 1 3] The thus-obtained hematite particles may be washed after the heat-treatment to remove impurity salts such 
as Na 2 S0 4 therefrom. In this case, the washing of the hematite particles is preferably conducted under such a condition 
that no anti-sintering agent as the coating layer is eluted out and only unnecessary impurity salts can be removed there- 

[0114] More specifically, in order to effectively remove cationic impurities, the pH value of the wash water is 
increased, while in order to effectively remove anionic impurities, the pH value of the wash water is decreased. 
[0115] The particle shape of the starting spindle-shaped goethite particles is successively maintained, and the 
55 spindle-shaped hematite particles according to the present invention has a particle shape gradually tapered from the 
thick center portion to opposite ends, contain no dendritic particles and. therefore, can show an excellent particle size 
distribution. 

[0116] The spindle-shaped hematite particles of second embodiment of the present invention, contain cobalt of 
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usually more than 20 atm% and not more than 45 atm%, preferably 21 to 40 atm%, more preferably 21 to 35 atm% (cal- 
culated as Co) based on whole Fe, aluminum of usually 5 to 15 atm%, preferably 6 to 14 atm% (calculated as Al) based 
on whole Fe, and a rare earth element of usually 5 to 15 atm%, preferably 5 to 12 atm% (calculated as rare earth ele- 
ment) based on whole Fe. 

5 [0117] The spindle-shaped hematite particles of second embodiment in the present invention, have an average 
major axial diameter of preferably 0.05 to 0.14 jim, more preferably 0.05 to 0.13 \im, 

[01 18] The spindle-shaped hematite particles of second embodiment in the present invention, have an aspect ratio 

(average major axial diameter/average minor axial diameter) of usually 4:1 to 8:1 , preferably 4:1 to 7.5:1. 

[0119] The spindle-shaped hematite particles of second embodiment in the present invention, have a crystallite 

10 size (D 10 4) of preferably 50 to 80 A, more preferably 50 to 78 A. 

[0120] When the crystallite size (D 104 ) is less than 50 A, the crystal growth of the spindle-shaped hematite particles 
may be lowered, so that control of the reduction rate may be sometimes insufficient. Further, due to destruction of the 
particle shape, it is sometimes difficult to obtain the aimed high coercive force. On the other hand, when the crystallite 
size (D 104 ) is more than 80 A, due to excessive crystal growth of the spindle-shaped hematite particles, the crystal 

15 growth in the minor axial direction may also accelerated, so that the shape-artisotropy tends to be lowered and it is 
sometimes difficult to obtain a high coercive force. 

[0121] The spindle-shaped hematite particles of second embodiment in the present invention, have a saturation 
magnetization (as) of preferably 0.5 to 2 emu/g, more preferably 0.5 to 1 .5 emu/g. 

[0122] When the saturation magnetization (as) is less than 0.5 emu/g, the spindle-shaped hematite particles show 
20 a good particle size distribution, but the magnetic spindle-shaped metal particles produced therefrom may be some- 
times deteriorated in dispersibility in vehicle. On the other hand, when the saturation magnetization (as) is more than 2 
emu/g, a large amount of spinel compounds may be produced upon the heat dehydration due to the cobalt contained 
therein, so that the crystal growth in the minor axial direction may be caused. Further, in the case where the crystal 
growth becomes excessive, the destruction of particle shape tends to be caused, so that rt is sometimes difficult to 
25 obtain magnetic spindle-shaped metal particles having a high coercive force. 

[0123] The spindle-shaped hematite particles of second embodiment in the present invention, have an average 
minor axial diameter of preferably 0.010 to 0.022 tim, more preferably 0.010 to 0.020 juti. 

[0124] The particle size distribution (standard deviation/average major axial diameter) of the spindle-shaped hem- 
atite of second embodiment in the present invention, is usually not more than 0.22, preferably 0.10 to 0.22, more pref- 
30 erably 0.10 to 0.20, still more preferably 0.10 to 0.19. 

[0125] The spindle-shaped hematite particles of second embodiment in the present invention, have a BET specific 
surface area of usually 30 to 150 rr^/g, preferably 50 to 1 20 m 2 /g. 

[0126] Next, the magnetic spindle-shaped metal particles containing iron as a main component according to the 
present invention are described. 

35 [0127] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
invention, have an average major axial diameter of usually 0.05 to 0.1 5 *im, preferably 0.05 to 0.14 \um, more preferably 
0.05 to 0.13 iim, a particle size distribution (standard deviation/average major axial diameter) of usually not more than 
0.20, preferably 0.10 to 0.20, more preferably 0.10 to 0.1 9, still more preferably 0. 10 to 0.1 8, and an average minor axial 
diameter of usually 0.010 to 0.022 urn, preferably 0.010 to 0.020 nm, more preferably 0.010 to 0.018 jim and an aspect 

40 ratio (average major axial diameter/average minor axial diameter) of usually 4:1 to 8:1 , preferably 4:1 to 7.5:1 , prefera- 
bly 4:1 to 7:1. 

[0128] The BET specific surface area of the magnetic spindle-shaped metal particles containing iron as a main 
component according to the present invention, is usually 35 to 65 rr^/g, preferably 40 to 60 trPfg. 
[0129] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
45 invention, may contain cobalt in an amount of usually 8 to 45 atm%, preferably 10 to 40 atm%, more preferably 1 0 to 35 
atm% (calculated as Co) based on whole Fe, aluminum in an amount of usually 5 to 20 atm%, preferably 6 to 15 atm%, 
mor preferably 7 to 12 atm% (calculated as Al) based on whole Fe, and a rare earth element in an amount of usually 
1 to 15 atm%, preferably 4 to 12 atm% (calculated as rare earth element) based on whole Fe. 

[0130] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
so invention, further have a coercive force of usually 1,800 to 2,500 Oe, preferably 1,900 to 2,500 Oe, more preferably 
2,000 to 2,500 Oe, preferably 2,200 to 2,500 Oe, and a saturation magnetization as of usually 1 10 to 160 emu/g, pref- 
erably 120 to 160 emu/g, more preferably 130 to 160 emu/g. 

[0131] The particle coercive force distribution (SFDr) of the magnetic spindle-shaped metal particles according to 
the present invention which is obtained from the remanence (DC-erased residual magnetization) curve, is usually not 
55 more than 0.72, preferably not more than 0.718. 

[0132] The X-ray crystallite size D 110 of the magnetic spindle-shaped metal particles according to the present 

invention, is usually 12.0 to 17.0 nm, preferably 13.0 to 16.5 nm, more preferably 13.0 to 16.0 nm. 

[0133] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
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invention, further have a change (Acs) in saturation magnetization (os) with passage of time of usually not more than 
15 %, preferably not more than 10 %, more preferably not more than 8 % (as an absolute value) after being subjected 
to an 'accelerated deterioration test for one week at a temperature of 60°C and a relative humidity of 90 %. 
[01 34] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
5 invention, further have good sheet characteristics which means magnetic characteristics obtained when forming a mag- 
netic coating film, more specifically a sheet squareness (Br/Bm) of usually not less than 0.85, preferably not less than 
0.86, and a sheet SFD (sheet coercive force distribution) of usually not more than 0.44, preferably not more than 0.42, 
preferably not more than 0.40. 

[01 35] Next, the magnetic spindle-shaped metal particles containing iron as a main component which are produced 

10 by using the spindle-shaped hematite particles of the above second embodiment in the present invention are described. 
[0136] The magnetic spindle-shaped metal particles containing iron as a main component of second embodiment 
in the present invention, may contain cobalt in an amount of usually more than 20 atm% and not more than 45 atm%, 
preferably 21 to 40 atm%, more preferably 21 to 35 atm% (calculated as Co) based on whole Fe, aluminum in an 
amount of usually 5 to 15 atm%, preferably 6 to 14 atm% (calculated as Al) based on whole Fe, and a rare earth ele- 

15 ment in an amount of 5 to 1 5 atm%. preferably 5 to 12 atm% (calculated as rare earth element) based on whole Fe. 
[0137] The magnetic spindle-shaped metal particles containing iron as a main component of second embodiment 
in the present invention, have an average major axial diameter of usually 0.05 to 0.14 \im t preferably 0.05 to 0.13 *im, 
an aspect ratio (average major axial diameter/average minor axial diameter) of usually 4:1 to 8:1 , preferably 4:1 to 7.5:1 , 
an X-ray crystallite size D 110 of usually 12.0 to 1 7.0 nm, preferably 13.0 to 16.5 nm, a particle size distribution (standard 

20 deviation/average major axial diameter) of usually not more than 0.18, preferably 0.10 to 0.18. more preferably 0.10 to 
0.17, and an average minor axial diameter of usually 0.010 to 0.020 *im, preferably 0.010 to 0.018 pm. 
[0138] The magnetic spindle-shaped metal particles containing iron as a main component of second embodiment 
in the present invention, further have a BET specific surface area of usually 35 to 65 nr^/g, preferably 40 to 60 nr^/g. 
[0139] The magnetic spindle-shaped metal particles containing iron as a main component of second embodiment 

25 in the present invention, further have a coercive force of usually 2.000 to 2,500 Oe, preferably 2,100 to 2,500 Oe, and 
a saturation magnetization as of usually 130 to 160 emu/g, preferably 135 to 160 emu/g. 

[0140] The magnetic spindle-shaped metal particles containing iron as a main component of second embodiment 
in the present invention, further have a change (Aos) in saturation magnetization as with passage of time (oxidation sta- 
bility) of usually not more than 10 %. preferably not more than 8 % (as an absolute value) after being subjected to an 
30 accelerated deterioration test for one week at a temperature of 60°C and a relative humidity of 90 %. 

[0141 ] As to characteristics of the magnetic coating film produced by using the magnetic spindle-shaped metal par- 
ticles containing iron as a main component of second embodiment in the present invention, the sheet squareness 
(Br/Bm) is usually not less than 0.85, preferably not less than 0.86. and the sheet SFD is usually less than 0.40, prefer- 
ably not more than 0.39. 

35 [0142] Further, as to the characteristics of the magnetic coating film, the change (ABm) in saturation magnetic flux 
density (Bm) with passage of time which represents a weather resistance of the magnetic coating film after subjected 
to an accelerated deterioration test for one week at 60°C and a relative humidity of 90 %, is usually not more than 8 %. 
preferably not more than 6 % as an absolute value. 

[0143] Next, the process for producing the magnetic spindle-shaped metal particles containing iron as a main com- 

40 ponent according to the present invention, is described. 

[0144] In accordance with the present invention, the magnetic spindle-shaped metal particles containing iron as a 
main component may be produced either by treating the spindle-shaped goethite particles according to the present 
invention, with the above anti-si ntering agent, and then directly heat-reducing the thus-treated particles, or by heat- 
r ducing the spindle-shaped hematite particles according to the present invention. 

45 [0145] Further, the magnetic spindle-shaped metal particles containing iron as a main component may also be pro- 
duced by continuously subjecting the spindle-shaped goethite particles treated with the anti-sintering agent, to heat- 
treatment in a non-reducing atmosphere and then to heat-reduction in a reducing atmosphere. 
[0146] Although the aimed magnetic spindle-shaped metal particles containing iron as a main component may be 
produced by directly reducing the spindle-shaped goethite particles treated with the anti-sintering agent, in order to 

so attain well-controlled magnetic properties, particle properties and particle shape, it is preferred that the spindle-shape 
goethite particles treated with the anti-sintering agent are preliminarily heat-treated in the non-reducing atmosphere by 
an ordinary method in advance of the heat-reduction. 

[0147] The non-reducing atmosphere may be formed by a gas flow or a gas stream composed of at least one gas 
selected from the group consisting of air, an oxygen gas. a nitrogen gas and the like. The heat-treatment temperature 
55 may be in the range of 400 to 850°C. and it is preferred that the heat-treatment temperature is appropriately selected 
depending upon kind of compounds used for coating the spindle-shaped goethite particles. When the heat-treatment 
temperature is more than 850°C, deformation of particles or sintering within or between particles tends to be disadvan- 
tageously caused. 
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[0148] In the process according to the present invention, the heat-reducing temperature is preferably 400 to 700°C. 
When the heat-reducing temperature is less than 400°C f the reduction reaction proceeds too slowly, so that the process 
time is disadvantageous! y prolonged. On the other hand, when the heat-reducing temperature is more than 700°C, the 
reduction reaction proceeds too rapidly, so that there tend to be caused disadvantages such as deformation of particles 

5 or sintering within or between particles. 

[0149] The magnetic spindle-shaped metal particles containing iron as a main component according to the present 
invention which are obtained after the heat-reduction, may be taken out in air by known methods, e.g., by a method of 
immersing in an organic solvent such as toluene; a method off replacing the atmosphere for the magnetic spindle- 
shaped metal particles containing iron as a main component which are produced after the heat-reduction, with an inert 

10 gas, and then gradually increasing an oxygen content in the atmosphere until the atmosphere is finally replaced with 
air; a method of gradually conducting the oxidation using a mixed gas composed of oxygen and steam; or the like. 
[0150] Alternatively, the magnetic spindle-shaped metal particles containing iron as a main component according 
to the present invention, may be produced by the following method. That is, either spindle-shaped goethite particles 
containing cobalt in an amount of usually 20 to 45 atm% (calculated as Co) based on whole Fe and having a major axial 

is diameter of usually 0.05 to 0.15 jim, or spindle-shaped hematite particles obtained by heat-dehydrating such spindle- 
shaped goethite particles, are used as starting particles. The starting particles are charged into a f ixed-bed reducing 
apparatus so as to form a fixed-bed having a height of usually not more than 30 cm, preferably 3 to 30 cm therein. 
Thereafter, the temperature within the reducing apparatus is increased to 400 to 700°C in an inert gas atmosphere. 
After replacing the inert gas atmosphere with a reducing gas atmosphere, the starting material are reduced at 400 to 

20 700°C while passing the reducing gas therethrough at a linear velocity of 40 to 150 cm/s, thereby producing magnetic 
spindle-shaped metal particles containing iron as a main component. 

[0151] Next, various conditions required for carrying out the present invention, are described. 
[0152] In the present invention, as starting particles, there may be used the spindle-shaped goethite particles con- 
taining cobalt of usually 20 to 45 atm% (calculated as Co) based on whole Fe and having an average major axial diam- 

25 eter of usually 0.05 to 0.15 fim, or the spindle-shaped hematite particles obtained by heat-dehydrating such spindle- 
shaped goethite particles, as described above. The spindle-shaped hematite particles may contain cobalt of usually 20 
to 45 atm% (calculated as Co) based whole Fe and have an average major axial diameter of usually 0.05 to 0.13 iim. 
[0153] The starting particles used in the present invention are spindle-shaped particles. The starting spindle- 
shaped particles contain no dendritic particles and show an excellent particle size distribution. 

30 [0154] In the consideration of the anti-sirrtering effect or the control of reducing rate, it is preferred that the spindle- 
shaped goethite particles according to the present invention have an average minor axial diameter of preferably 0.010 
to 0.023 fim, an aluminum content of preferably 5 to 15 atm% (calculated as Al) based on whole Fe, an aspect ratio 
(average major axial diameter/average minor axial diameter) of usually 4:1 to 8:1, and a BET specific surface area of 
usually 100 to 250 nr^/g. 

35 [0155] The spindle-shaped goethite particles according to the present invention, may be coated with Co com- 
pounds, Al compounds and the afore-mentioned anti-sintering agents. 

[0156] In order to further enhance the anti-sintering effect, one or more compounds containing at least one other 
element selected from the group consisting of Si, B, Ca, Mg, Ba, Sr and the like, may be added, if required. These com- 
pounds show not only the anti-sintering effect, but also can control the reduction rate. Therefore, these compounds may 

40 be used singly or in combination according to the requirements. 

[0157] In the consideration of the anti-sintering effect and the control of reduction rate, it is preferred that the spin- 
dle-shaped hematite particles according to the present invention, further have an average minor axial diameter of pref- 
erably 0.01 0 to 0.022 urn, an aluminum content of preferably 5 to 1 5 atm% (calculated as Al) based on whole Fe, a rare 
earth content of usually 5 to 15 atm% (calculated as rare earth element) based on whole Fe, an aspect ratio (average 

45 major axial diameter/average minor axial diameter) of usually 4:1 to 8:1 , and a BET specific surface area of usually 50 
to^Onrf/g. 

[0158] The spindle-shaped hematite particles according to the present invention, are preferably produced by heat- 
dehydrating the spindle-shaped goethite particles at 150 to 350°C in an oxidative atmosphere, and then heat-treating 
the btained particles at a temperature of more than 450°C and less than 700°C in the same atmosphere. 
so [01 59] Further, after the heat-treatment, in order to remove impurity salts such as Na 2 S0 4 which are contained due 
to the production reaction of the spindle-shaped goethite particles, the spindle-shape hematite particles may be 
washed. In this case, the washing treatment is preferably conducted under such a condition that no coating anti-sinter- 
ing agent is eluted out and only the impurity salts are removed. 

[0160] As the heat-reducing apparatuses usable in the heat-reduction step, there are known a fluidized bed-type 
55 reducing apparatus for heat-reducing a starting material while flowing the material in the form of particles, a fixed bed- 
type reducing apparatus for heat-reducing a fixed bed composed of granules obtained by granulating the starting mate- 
rial. 

[0161] With the increased demand for magnetic metal particles, there has been a strong requirement for providing 
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mass-production techniques therefor. Consequently, the fixed bed-type reducing apparatus is industrially and econom- 
ically advantageous, since it is possible to mass-produce magnetic metal particles without scattered particles even 
when the flow rate of a reducing gas such as hydrogen is increased. 

[0162] Howwer, in the case where the heat-reduction is carried out in a hydrogen atmosphere using the fixed bed- 
s type reducing apparatus, a lower portion of the fixed bed is more rapidly reduced than an upper portion thereof, thereby 
causing the increase in steam partial pressure. Therefore, the particles in the upper portion of the fixed bed are more 
likely to undergo destruction of particle shape and to bring about crystal growth in the minor axial direction, as com- 
pared to those in the lower portion. As a result, there is a tendency that properties of the particles obtained from the 
lower portion of the fixed bed are different from those of the upper portion. 
10 [0163] On the other hand, by the production process according to the present invention using a fixed bed-type 
reducing apparatus, there is provided particles obtained from lower and upper portions of the fixed bed in the reducing 
apparatus can show uniform properties, in which the destruction of particle shape can be prevented as effectively as 
possible. 

[0164] In the present invention, before charging into the fixed-bed reducing apparatus, it is preferred that the start- 
15 ing particles are granulated by an ordinary method to obtain granules having an average particle size of usually 1 to 5 
mm, preferably 2 to 4 mm. . 
[01 65] As the preferred fixed-bed reducing apparatuses, there may be exemplified a stationary reducing apparatus 
(batch-type), or a movable reducing apparatus (continuous-type) in which a fixed-bed is formed on a movable belt and 
reduced while moving the belt. 

[0166] In the present invention, the height of the fixed-bed composed of the starting particles is usually not more 
than 30 cm. When the height is more than 30 cm, the reduction reaction of the fixed-bed may be remarkably accelerated 
due to a large content of Co. However, a lower portion of the fixed-bed undergoes too rapid reduction reaction, so that 
a water-vapor partial pressure may be considerably increased, thereby causing problems such as deterioration in coer- 
cive force of an upper portion of the fixed-bed. This results in deteriorating properties of the obtained particles as a 
whole From the viewpoint of industrial productivity, the height of the fixed-bed is preferably 3 to 30 cm. The batch-type 
reducing apparatuses (Japanese Patent Application Laid-Open (KOKAI) Nos. 54-62915(1979) and 4-224609(1992). 
etc.) are different in productivity from continuous-type reducing apparatuses (Japanese Patent Application Laid-Open 
(KOKAI) No. 6-93312(1994). etc.). Therefore, in the case of the batch-type fixed-bed reducing apparatuses, the height 
of the fixed-bed is preferably more than 8 cm and not more than 30 cm, more preferably 10 to 30 cm. 
30 [0167] In the process using the fixed-bed reducing apparatuses according to the present invention, the atmosphere 
in which the reducing temperature is increased to 400 to 700°C. is an inert gas atmosphere. As the preferred inert 
gases used therefor, there may be exemplified a nitrogen gas. a helium gas. an argon gas or the like. Among them, the 
nitrogen gas is more preferred. In an atmosphere other than the inert gas atmosphere, the particles are reduced during 
the temperature rise (during which the temperature is changed with passage of time) before reaching a predetermined 
35 reducing temperature. Therefore, since the reducing temperature upon production of the magnetic metal particles var- 
ies a uniform crystal growth may not be attained and a high coercive force may not be obtained. 
[0168] Incidentally, the temperature rise rate is preferably 2 to 100°C/min. more preferably 5 to 100°C/min. 
[0169] The linear velocity of the inert gas upon the temperature rise may be adjusted such that the granules as the 
starting particles is prevented from being scattered or destroyed. In the present invention, the linear velocity of the inert 
40 gas is preferably 10 to 50 cm/s, more preferably 20 to 50 cm/s. 

[0170] Meanwhile, the method of changing-over the inert gas atmosphere upon the temperature rise to the reduc- 
ing gas atmosphere upon the heat reduction step, varies depending upon kinds of reducing apparatuses used. From 
the industrial viewpoint, in the case of the batch-type reducing apparatuses, the changing-over of the atmosphere is 
preferably conducted stepwise while controlling an inner pressure thereof, and in the case of the continuous-type reduc- 
es ing apparatuses, the temperature rise zone is preferably separated from the reducing zone. In any case, it is preferred 
that the changing-over is completed in a short time, specifically within 10 minutes. 

[0171] The atmosphere used upon the heat-reduction step according to the present invention, may be a reducing 

gas atmosphere. As the reducing gas used for forming the reducing gas atmosphere, hydrogen is preferred. 

[01 72] The heat-reducing temperature of the heat-reduction step in the process using the fixed-bed reducing appa- 

so ratuses according to the present invention, is 400 to 700°C. The heat-reducing temperature can be appropriately 
selected from the above-mentioned temperature range according to kind and amount of the compound used for coating 
the starting particles. When the heat-reducing temperature is less than 400°C. the reduction reaction proceeds too 
slowly and. therefore, may be industrially disadvantageous, so that the saturation magnetization of the obtained mag- 
netic metal particles may be lowered. On the other hand, when the heat-reducing temperature is more than 700°C. the 

55 reduction reaction proceeds too rapidly, so that the destruction of particle shape or the sintering within or between par- 
ticles may be caused, resulting in deterioration in coercive force of the obtained particles. 

[0173] The linear velocity of the reducing gas used in the heat-reduction step according to the present invention, is 
40 to 1 50 cm/s preferably 50 to 1 50 cm/s. When the linear velocity of the reducing gas is less than 40 cm/s, the steam 
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produced upon reduction of the starting particles may be discharged out of the system too slowly, so that the upper por- 
tion of the fixed-bed may be deteriorated in coercive force and SFD, thereby failing to obtain a high coercive force as a 
whole. On the other hand, when the linear velocity of the reducing gas is more than 150 cm/s, although the aimed mag- 
netic spindle-shaped metal particles can be obtained, it may be required to use a higher heat-reducing temperature, or 

5 there tend to be caused problems such as scattering and destruction of the granulated material. 

[0174] On the other hand, by the production process according to the present invention using a fixed bed-type 
reducing apparatus, there can be provided magnetic spindle-shaped metal particles containing iron as a main compo- 
nent, having a high coercive force, tor example, preferably not less than 2,100 Oe, and a large saturation magnetization, 
for example, preferably not less than 135 emu/g, though the crystallite size (D 1 10 ) thereof is small, especially, preferably 

10 not more than 1 60 A. 

[0175] The thus obtained magnetic spindle-shaped metal particles containing iron as a main component, contain 
cobalt in an amount of preferably 20 to 45 atm%, more preferably 20 to 40 atm%, still more preferably 20 to 35 atm% 
(calculated as Co) based on whole Fe, and have an average major axial diameter of preferably 0.05 to 0.12 ^im, a coer- 
cive force of 2,100 to 2,500 Oe, a saturation magnetization of 1 35 to 160 emu/g and a crystallite size (D-, 10 ) 1 35 to 160 

15 A. 

[0176] Meanwhile, with reference to the relationship between crystallite size and coercive force of known spindle- 
shaped magnetic metal particles, in Japanese Patent Application Laid-Open (KOKAI) No. 4-61302(1992), it has been 
described that "there is a tendency that the smaller the crystallite size, the lower the coercive force. • • • • it has been 
strongly demanded to provide magnetic particles capable of exhibiting a small crystallite size while keeping the coercive 
20 force thereof as high as possible". Thus, since the reduction of crystallite size and the increase of coercive force have 
a conflicting relationship with each other, it has been extremely difficult to obtain magnetic metal particles having a small 
crystallite size and a high coercive force simultaneously. 

[0177] In fact, in the method described in the above Japanese Patent Application Laid-Open (KOKAI) No. 54- 
62915(1979), the Co content is small and the linear velocity of gas passed is low, so that the coercive force of the 
25 obtained magnetic metal particles is as low as about 120 Oe. In addition, as shown in Comparative Example hereinaf- 
ter, since the coercive force is extremely low and the crystallite size is considerably small, properties of the magnetic 
metal particles are not satisfactory. 

[0178] Also, in the method described in the above Japanese Patent Application Laid-Open (KOKAI) No. 6- 
93312(1994), the obtained particles contain no Co. In addition, as shown in Comparative Example hereinafter, when 

30 the atmosphere upon temperature rise is composed of a reducing gas, the coercive force of the obtained magnetic 
metal particles is as low as about 1 ,600 Oe. Further, in comparison with particles obtained in Examples of the present 
invention as described hereinafter, in the case of the same crystallite size, the conventional magnetic metal particles 
show a lower coercive force and a smaller saturation magnetization. Therefore, properties of such conventional mag- 
netic metal particles are not satisfactory. 

35 [0179] In order to improve a particle shape or the like of the goethite particles used as starting particles of the mag- 
netic metal particles containing iron as a main component, various metal salts may be added thereto. In this case, 
cobalt can act for forming a solid solution with Fe in the magnetic metal particles produced and, therefore, can enhance 
the saturation magnetization and the coercive force He thereof, and also contribute to enhancement of the oxidation sta- 
bility. Aluminum can impart an anti-sintering property to the magnetic metal particles produced, and further can impart 

40 thereto an excellent shape-retention property and an excellent dispersibility in a binder resin having sodium sulfonate 
functional groups, which resin has been ordinarily used in the production of magnetic recording media containing mag- 
netic metal particles. 

[0180] It is known that in the case where cobalt exists inside of goethite particles, the magnetic metal particles 
obtained therefrom can show a larger saturation magnetization as compared to that of the particles wherein Co exists 
45 in an outside portion thereof, ft is also known that in the case where the goethite particles are coated with Al, magnetic 
properties such as coercive force of the magnetic metal particles obtained therefrom are deteriorated and, therefore, it 
is preferred that Al exists in the form of a solid solution in a surface layer portion of each particle, thereby enhancing the 
shape-retention property and the oxidation stability. 

[0181] Further, it is also known that in the case where Co is allowed to form a solid solution and both alkali carbon- 
so ate and alkali hydroxide are jointly used in the production reaction of goethite particles, there can be obtained fine 
goethite particles which have a small minor axial diameter, resulting in an appropriately large aspect ratio. It is also 
known that Al shows a crystal growth-controlling effect, and considerably different aspect ratios are obtained by varying 
the timing of addition of Al or the amount of Al added. However, there is known no goethite particles which are fine par- 
ticles, can show maintain an appropriate aspect ratio and an excellent particle size distribution, and contain a large 
55 amount of Co and Al therein. 

[0182] Under the circumstances, by dividing the production reaction of goethite particles into a seed crystal produc- 
tion reaction and a growth reaction, adding Co showing effects of forming fine particles and appropriately enhancing an 
aspect ratio, upon the aging treatment before the seed crystal production reaction, allowing Co to form a solid solution 
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such that the Co exists in the goethite seed portion at a higher concentration gradient than that in the surface layer por- 
tion, passing an oxygen-containing gas upon the growth reaction of the goethite seed crystal particles at a linear veloc- 
ity which is not less than two times that upon the seed crystal production reaction, and adding Al having an anti- 
sintering effect simultaneously with or subsequently to the passing step of the oxygen-containing gas, there can be 
s obtained spindle-shaped goethite particles which are free from deterioration in aspect ratio due to the addition of a large 
amount of Al, are fine particles, can show an appropriate aspect ratio and an excellent particle size distribution, and 
contain an large amount of Co and Al. 

[0183] The reason why the spindle-shaped goethite particles containing a large amount of Co and Al can be pro- 
duced, is considered as follows. That is. it has been hitherto considered that although the crystal growth in the major 

10 axial direction can be appropriately suppressed by adding Al during the growth reaction of the seed crystal particles, 
the addition of a large amount of Al causes the increase in viscosity of the water suspension containing the seed crystal 
particles, so that there arise problems such as deterioration in aspect ratio and particle size distribution due to exces- 
sive crystal growth in the minor axial direction. However, by adjusting the linear velocity of the oxygen-containing gas 
passed upon the growth reaction to not less than two times that upon the seed crystal production reaction, the viscosity 

is of the water suspension containing the seed crystal particles is effectively reduced, so that it is possible to form a more 
uniform surface layer over the surface of each seed crystal particle. 

[0184] Further, when the magnetic metal particles containing iron as a main component are produced by subjecting 
goethite particles to heat-dehydration and then reduction reaction, by using compounds of rare earth element as an 
anti-sintering agent, there can be obtained magnetic spindle-shaped metal particles containing iron as a main compo- 
se nent. which are free from inclusion of dendritic particles, and can show not only an excellent particle size distribution, 
an appropriate particle shape and an appropriate aspect ratio, but also a high coercive force, an excellent particle coer- 
cive force distribution (particle SFDr), a large saturation magnetization and an excellent oxidation stability. Further, 
when the obtained magnetic spindle-shaped metal particles and a binder resin having sodium sulfonate functional 
groups are mixed and formed into a sheet, it is possible to obtain good sheet characteristics such as sheet squareness 
25 (Br/Bm) and sheet SFD (coercive force distribution). 

[0185] Alternatively, there can be obtained preferable spindle-shaped hematite particles which have an average 
major axial diameter of 0.05 to 0.14 urn, an aspect ratio of 4:1 to 8:1. a crystallite size (D 104 ) of 50 to 80 A and a satu- 
ration magnetization of 0.5 to 2 emu/g. and contain cobalt in an amount of more than 20 atm% and not more than 45 
atm% (calculated as Co) based on whole Fe. aluminum in an amount of 5 to 1 5 atm% (calculated as Al) based on whole 
30 Fe. and a rare earth compound in an amount of 5 to 15 atm% (calculated as rare earth element) based on whole Fe. 
The thus-obtained spindle-shaped hematite particles can be prevented as more effectively as possible from undergoing 
destruction of the particle shape upon the heat-reduction step. 

[0186] The reason why the destruction of particle shape can be prevented as more effectively as possfcle, is con- 
sidered as follows. That is, it is considered that the merit is attributed to a synergistic effect of the suppression of the 
35 production of spinel-type iron oxide in the spindle-shaped hematite particles, the an appropriate crystallite size, and the 
containing of aluminum and rare earth element in specific amounts 

[0187] Further, it is considered that since the spindle-shaped goethite particles is heat^Jehydrated at not more than 
350°C in an oxidative atmosphere and then heat-treated at 450 to 700°C in an oxidative gas atmosphere, the produc- 
tion of spinel-type iron oxide can be effectively suppressed and. therefore, the destruction of particle shape can be pre- 
40 vented as effectively as possible, so that it is possible to produce spindle-shaped hematite particles having an 
appropriate crystallite size and a good particle size distribution. 

[0188] By using such spindle-shaped hematite particles, it is possible to produce magnetic spindle-shaped metal 
particles containing iron as a main component, which can be prevented from undergoing destruction of particle shape 
and deterioration in coercive force, and can show an excellent dispersibility in vehicle. 

45 [0189] Further, since cobalt is contained in an amount of more than 20 atm% and not more than 45 atm% (calcu- 
lated as Co) based on whole Fe, the oxidation stability of the resultant particles can also be enhanced. Furthermore, 
since the anti-sintering property is further enhanced as described above, the distribution of particle shape upon various 
heat-treatments can be further improved, so that the particle size distribution becomes narrower, thereby producing 
magnetic spindle-shaped metal particles which are synergistically improved in oxidation stability. 

so [01 90] In the case where the spindle-shaped hematite particles according to the present invention is used as start- 
ing particles, there can be obtained magnetic spindle-shaped metal particles containing iron as a main component, 
which can show a high coercive force, a large saturation magnetization, an excellent oxidation stability and a good dis- 
persibility in a binder resin. Further, when the magnetic spindle-shaped metal particles are used for forming a magnetic 
coating film, it is possible to produce a magnetic coating film which can exhibit a high coercive force, a good sheet 

55 squareness (Br/Bm) , a good sheet SFD and a good weather resistance. 

[01 91 ] The reason why the magnetic metal particles having a small crystallite size, a high coercive force and a large 
saturation magnetization irrespective of the small crystallite size can be produced, is considered as follows. That is, by 
adjusting the height of the fixed-bed to not more than 30 cm and increasing the temperature in an inert gas atmosphere. 
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the crystallite size of magnetite or wustite can be increased to such an extent that neither destruction of the particle 
shape nor crystal growth in the minor axial direction are induced due to rapid increase of the water-vapor partial pres- 
sure at an initial stage of the reduction reaction. Further, due to the effects of lowering the specific surface area and 
decreasing the velocity of subsequent reduction reaction into pure iron, the crystal growth of particles can be well con- 
5 trolled and the destruction of particle shape can be considerably suppressed. As a result, it is considered that the crys- 
tallite size can be effectively reduced. 

[0192] Further, by adjusting the height of the fixed-bed to not more than 30 cm, preferably 3 to 30 cm and increasing 
the temperature in the inert gas atmosphere, the reduction reaction can be inhibited during such a period in which the 
temperature is elevated with passage of time, till reaching the predetermined reducing temperature, thereby conducting 

10 the reduction reaction under a uniform condition. Further, by changing-over the inert gas atmosphere to the reducing 
gas atmosphere and controlling the linear velocity of the reducing gas to 40 to 150 cm/s in the specific temperature 
range, even though the water-vapor partial pressure is rapidly increased at an initial stage of the reduction reaction, nei- 
ther destruction of particle shape of magnetite or wustite nor crystal growth in the minor axial direction are induced, so 
that the reduction reaction can proceed uniformly over a whole portion of the fixed-bed. For this reason, it is considered 

15 that the obtained magnetic spindle-shaped metal particles can show a high coercive force and a large saturation mag- 
netization vale as a whole. 

[0193] The spindle-shaped goethite particles and the spindle-shaped hematite according to the present invention, 
are fine particles and free from inclusion of dendritic particles, and can exhibit a good particle size distribution and an 
appropriate particle shape. Therefore, when these particles are used as starting particles, the obtained magnetic spin- 
so die-shaped metal particles containing iron as a main component not only are fine particles and free from inclusion of 
dendritic particles and can exhibit a good particle size distribution and an appropriate particle shape, but also can show 
a high coercive force, an excellent particle coercive force distribution (SFDr), a large saturation magnetization, an excel- 
lent oxidation stability, a good dispersibility in a binder resin and a good sheet squareness (Br/Bm) due to the good dis- 
persibility in a binder resin. Accordingly, the magnetic spindle-shaped metal particles containing iron as a main 
25 component according to the present invention, can be suitably used as magnetic particles for attaining high recording 
density, high sensitivity and high output. 

[0194] Since the spindle-shaped hematite partides according to the present invention have a limited content of spi- 
nel-type iron oxide and an appropriate crystallite size, the destruction of particle shape upon the heat-reduction thereof 
can be prevented as effectively as possible. Accordingly, the spindle-shaped hematite particles according to the present 
30 invention can be suitably used as starting particles of the magnetic spindle-shaped metal particles containing iron as a 
main component. 

[0195] In the process for producing the magnetic spindle-shaped metal particles containing iron as a main compo- 
nent according to the present invention, the destruction of particle shape upon the heat-reduction step can be pre- 
vented as effectively as possible, and the upper and lower portions of the fixed-bed composed of the starting particles 
35 can be uniformly reduced. As a result, it becomes possible to obtain magnetic spindle-shaped metal particles satisfying 
a small crystallite size, a high coercive force and a large saturation magnetization simultaneously. 

EXAMPLES 

40 [0196] The present invention will now be described in more detail with reference to the following examples, but the 
present invention is not restricted to those examples and various modifications are possible within the scope of the 
invention. 

(1) The average major axial diameter, the average minor axial diameter and the aspect ratio of particles were 
45 respectively expressed by the average of values measured from electron micrographs. 

(2) The size distribution of the particles is expressed by the ratio of a standard deviation to the average major axial 
diameter. 

The major axial diameters of 300 particles in an electron microphotograph (x 200,000 magnification) were 
measured. The actual major axial diameters and the number of the particles were obtained from the calculation on 
so the basis of the measured values. 

The standard deviation (s) was obtained by the following equation. 



55 



= 1 
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wherein x v x 2 , p x n represent the determined major axial diameter off the each specimen, x represents an 
average major axial diameter determined of the each specimen. 

(3) The specific surface area of particles was expressed by the values measured by a BET method using "Mono- 
sorb MS-11" (manufactured by Cantachrom Co.. Ltd.). 

(4) The X-ray crystallite size (D020 and D 110 of spindle-shaped goethite particles, D 104 of spindle-shaped hematite 
particle or D 110 of spindle-shaped magnetic metal particles containing iron as a main component) was expressed 
by the thickness of crystallite in the direction perpendicular to the crystal planes (020) and (1 10) of the spindle- 
shaped goethite particles, the crystal plane (104) of the spindle-shaped hematite particle or the crystal plane (110) 
of the spindle-shaped magnetic metal particles containing iron as a main component which were measured by an 
X-ray diffraction method using "X-ray diffractometer" (manufactured by Rigaku Denki Kogyo Co.. Ltd.) (measuring 
conditions: target: Fe; tube voltage: 40 kV; and tube current: 40 mA). respectively. The value was calculated from 
the X-ray diffraction peak curve obtained with respect to the respective crystal planes by using the following Scher- 
rer's formula: 



5 D 110 . D ^ or D 104 = KX/pcos6 

wherein p is a true half-width of the diffraction peak which was corrected with respect to the width of machine used 
(unit- radian); K is a Scherrer constant (0.9); X is a wavelength of X-ray (Fe Ka-ray 0.1935 nm); and 6 is a diffraction 
angle (corresponding to a diffraction peak of the crystal plane (1 10) and (020) and the crystal plane (104)). 
0 The X-ray diffraction of spindle-shaped hematite particles was measured at a diffraction angle 20 of 10 to 60° 

using the above X-ray diffractometer. 

The smaller the production amount of the spinel-shaped iron oxide (the lower the peak shown with B in the 
X-ray diffraction peak curve), the lower the as of the spinel-shaped hematite particles becomes. 

(5) The mannetic properties of magnetic metal particles containing iron as a main component and hematite parti- 
's cles. were measured using a vibration sample magnetometer "VSM-3S-15" (manufactured by Toei Kbgyo Co.. Ltd.) 

by applying an external magnetic field of 10 kOe. 

(6) The SFDr of particles was measured using a torque/vibration sample magnetometer (manufactured by Digital 
Measurement Systems Co.. Ltd.) as follows. 

The magnetic metal particles containing iron as a main component were first packed into a capsule. After an 

30 external magnetic field of 1 0 kOe was applied to the magnetic metal particles (the direction of the initially applied 
external magnetic field was regarded as a positive direction), the magnetic field was set to zero to measure a resid- 
ual magnetization or (0) of the particles. Thereafter, an external magnetic field of 100 Oe was applied in the reverse 
direction (negative direction), and then the magnetic field was set to zero to measure a residual magnetization or 
(1 00) of the particles. Next, an external magnetic field of 1 0 kOe was applied again in the positive direction, and the 

35 magnetic field was set to zero to measure a residual magnetization or (0) of the particles. Then, after an external 
magnetic field of 200 Oe was applied in the negative direction, the magnetic field was set to zero to measure a 
residual magnetization or (200) of the particles. Subsequently, the measurement of the residual magnetization was 
repeated n times in such a manner that the external magnetic field applied in the positive direction was kept con- 
stant at 10 kOe each time, while that applied in the negative direction was increased with an increment of 100 Oe, 

40 thereby obtaining residual magnetizations or (1 00 x n). The measured values of the residual magnetization or were 
plotted based on the values of external magnetic field applied in the negative direction, thereby obtaining a rema- 
nence (DC-erased residual magnetization) curve. Using the remanence curve, an external magnetic field value Hr 
at which the residual magnetization was zero was obtained by interpolation method. Further, the half-width value 
AHr of the peak on a differential curve of the above remanence curve was obtained. The SFDr value of particles 

45 was calculated from the following formula: 



SFDr = AHr/Hr 



(7) The contents of Co. Al. rare earth elements and other me tal elements in the spindle-shaped goethite particles, 
the spinel-shaped hematite particles or the magnetic spindle-shaped metal particles containing iron as a main 
component, were measured by using an inductively coupled plasma atomic emission spectroscope "SPS4000" 
(manufactured by Seiko Denshi Kbgyo Co., Ltd.). 

(8) Th e sheet m^nPtin characteristics were measured by using a sheet test specimen prepared by the following 

method. . . . , 

The respective components as shown below were charged into a plastic bottle, and then mixed and dispersed 
together for 8 hours using a paint shaker (manufactured by Reddevil Co., Ltd.), thereby preparing a magnetic coat- 
ing material. The thus-prepared magnetic coating material was applied on a 25 nm-thick polyethylene telephthalate 
film using an applicator, and then dried in a magnetic field of 5 kGauss, thereby obtaining the sheet test specimen 
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on which a magnetic coating layer having a thickness of 50 was formed. 
Composition of magnetic paint 
5 [0197] 



3 mm<|> steel balls 


800 parts by weight 


Magnetic spindle-shaped metal particles containing iron as a main component 


100 parts by weight 


Polyurethane resin containing sodium sulfonate groups 


20 parts by weight 


Cyctohexanone 


83.3 parts by weight 


Methyl ethyl ketone 


83.3 parts by weight 


Toluene 


83.3 parts by weight 



20 

(9) The Aos for evaluating an oxidation stability of the saturation magnetization os of particles, and the ABm for 
evaluating an oxidation stability of the sheet saturation magnetic flux density Bm, were measured as follows. 

[0198] The test particles or the sheet test specimen were placed in a constant-temperature oven maintained at 
25 60°C and a relative humidity of 90 %, and allowed to stand therein for one week to conduct an accelerated deterioration 
test. Thereafter, the test particles and the sheet test specimen were measured with respect to the saturation magneti- 
zation and the saturation magnetic flux density, respectively. The differences Acts and ABm (as an absolute value), were 
respectively calculated from the values os and Bm measured before the accelerated test and the values os* and Bm' 
measured after the one-week accelerated test. 

30 

Example 1: 

[0199] 30 liters of a mixed aqueous alkali solution containing sodium carbonate of 25 mol and sodium hydroxide of 
20 mol (the concentration of sodium hydroxide being 28.6 mol % based on mixed alkali) were charged into a reaction 

35 vessel and the temperature thereof was adjusted to 47°C while passing a nitrogen gas through the reaction vessel at a 
linear velocity of 2.21 cm/s. Then, 20 liters of an aqueous ferrous sulfate solution containing 20 mol of Fe 2+ (the con- 
centration of the mixed aqueous alkali solution being 1.75 equivalents based on the ferrous sulfate) were charged into 
the reaction vessel and the contents of the reaction vessel were aged therein for 30 minutes. Thereafter, 4 liters of an 
aqueous cobalt sulfate solution containing 4.0 mol of Co 2 * (equivalent to 20 atm% (calculated as Co) based on whole 

40 Fe) was added to the reaction vessel and the contents of the reaction vessel were aged therein tor 4 hours and 30 min- 
utes. After aging, air was passed through the reaction vessel at a linear velocity of 1.32 cm/s to conduct the oxidation 
reaction until the percentage of oxidation of Fe 2+ reached 40 %, thereby goethite seed crystal particles. 
[0200] A part of the water suspension containing the goethrte seed crystal particles wherein the oxidation percent- 
age of Fe 2+ was proceeded to 40 %, was taken out and rapidly washed with a diluted aqueous acetic acid solution, fbl- 

45 lowed by filtering and then washing with water. As a result of the composition analysis of the obtained goethite seed 
crystal particles, it was determined that the Fe content was 49.54 % by weight and the Co content was 6.43 % by 
weight 

[0201] Next, after the linear velocity of air passing through the reaction vessel was increased to 3.31 cm/s, 1 liter of 
an aqueous aluminum sulfate solution containing 2.4 mol of Al 3+ (equivalent to 12 atm% (calculated as Al) based on 
so wh le Fe) was added into the reaction vessel at a feed rate of not more than 3 ml/sec to conduct the oxidation reaction, 
. and the reaction mixture was washed with water using a filter press until the electric conductivity reached 60 \iS t 
thereby obtaining a press cake. 

[0202] A part of the obtained press cake was dried and pulverized by an ordinary method, thereby obtaining 
goethite particles. As recognized from the transmission electron micrograph shown in Fig. 1 . the obtained goethite par- 
55 tides were of a spindle shape, and had a BET specific surface area of 180.3 rr^/g, an average major axial diameter of 
0.130 iim, a standard deviation a of 0.0251 urn, a particle size distribution (standard deviation/average major axial 
diameter) of 0.193, an average minor axial diameter of 0.0173 nm, an aspect ratio (average major axial diameter/aver- 
age minor axial diameter) of 7.5:1 , an X-ray crystallite (D020) of 22.4 nm, an X-ray crystallite {D^ 10 ) of 8.9 nm, and an 
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X-ray crystallite size ratio (Dogo/Dno) of 2.52. 

[0203] Further the obtained goethite particles contained no dendritic particles. The obtained goethite particles 
comprised 44.5 %'by weight of Fe based on the weight of the particle. 9.39 % by weight of Co based on the weight of 
the particle and 2.58 % by weight of Al based on the weight of the particle. As a result of the comparison of these values 
with those of the goethite seed crystal particles, it was determined that the Co content in the seed portion was 12.3 
atm% (calculated as Co) based on the Fe in the seed portion; the relationship of the Co concentration of the seed por- 
tion of the goethite particle with that of the goethite particle was 51 .5 : 100 and the relationship of the Co concentration 
of the surface layer portion of the goethite particle with that of the goethite particle was 125.7 : 100. when the Co con- 
centration of the goethite particle is 100; the Co content in a whole particle was 20 atm% (calculated as Co) based on 
whole Fe; and the Al content was 12 atm% (calculated as Al) based on whole Fe. Further, it was determined that Al 
existed only in the surface layer portion. 

Example 2: 

10204] A press cake containing 1 ,000 g of the spindle-shaped goethite particles obtained in Example 1 (7.97 mol 
as Fe) was sufficiently dispersed in 40 liters of water. 2 liters of an aqueous yttrium nitrate solution containing 245 g of 
yttrium nitrate hexahydrate (equivalent to 8 atm% (calculated as Y) based on whole Fe) was added to the d'Spere-° n . 
and then stirred. Further, after a 25.0 wt% aqueous sodium carbonate solution as a precipitating agent was added so 
as to adjust the pH value of the dispersion to 9.5. the dispersion was washed with water using a filter press. The 
obtained press cake was extrusion-molded using a compression molding machine equipped with a mold plate having 
an orifice diameter of 3 mm. and the resultant molded product were dried at 1 20°C. thereby obtaining goethite particles 
coated with the yttrium compound. The Co content in the obtained goethite particles was 20 atm% (calculated as Co) 
based on whole Fe; the Al content thereof was 1 2 atm% (calculated as Al) based on whole Fe; and the Y content thereof 
was 8 atm% (calculated as Y) based on whole Fe. Further, it was determined that Al existed only in the intermediate 
25 layer portion and yttrium existed only in the outer layer portion. 

[0205] The spindle-shaped goethite particles coated with the yttrium compound were heat-dehydrated in air at 
600-C for 1 hours, thereby producing spindle-shaped hematite particles having an outer layer composed of the yttrium 

[0206] Und As recognized from the transmission electron micrograph shown in Fig. 2. the obtained spindle-shaped 
30 hematite particles had an average major axial diameter of 0.1 21 urn. a standard deviation a of 0.0223 urn. apartide 
size distribution (standard deviation/average major axial diameter) of 0.184. an average minor axial diameter of 0.01 66 
urn an aspect ratio (average major axial diameter/average minor axial diameter) of 73:1 and a BET specific surface 
area of 87 3 m 2 /g The Co content in the particles was 20 atm% (calculated as Co) based on whole Fe; the Al content 
was 12 atm% (calculated as Al) based on whole Fe; and the Y content was 8 atm% (calculated as Y) based on whole 
35 Fe. 

Example 3: 

[0207] 1 00 g of the spindle-shaped hematite particles having the outer layer composed of the yttrium compound 
40 which were obtained in Example 2, were charged into a fixed-bed reducing apparatus having an inner diameter of 72 
mm While a hydrogen (Ha) gas was passed through the reducing apparatus at a flow rate of 35 hter/min. the spindle- 
shaped hematite particles were heat-reduced at 600°C for 2 hours. After the hydrogen gas was replaced with a nitrogen 
gas the particles were cooled to 80°C. and then the oxygen partial pressure in the reducing apparatus was gradually 
increased by passing a water vapor therethrough until the oxygen content therein reached the same content as in air. 
45 thereby forming a stable oxide layer on the surface of each particle. 

[0208] As recognized from the transmission electron micrograph shown in Fig. 3, the obtained magnetic metal par- 
ticles containing iron as a main component and further containing Co. Al and Y, had an average major axial diameter of 
0 108 urn a standard deviation CT of 0.0171 urn. a particle size distribution (standard deviation/average major axial 
diameter) 'of 0.158. an average minor axial diameter of 0.0158 pm, an aspect ratio (average major axial diameter/aver- 
age minor axial diameter) of 6.8:1 . a BET specific surface area of 47.0 rrfrg and an X-ray crystallite (D, 10 ) of 15.2 nm. 
Further the magnetic metal particles containing iron as a main component had a spindle shape and a uniform particle 
size and contained no dendritic particles. The Co content in the particles was 20 atm% (calculated as Co) based on 
whole Fe- the Al content was 12 atm% (calculated as Al) based on whole Fe; and the Y content was 8 atm% (calculated 
as Y) based on whole Fe. As to the magnetic properties of the magnetic metal particles, the coercive force thereof was 
as high as 2 310 Oe; the saturation magnetization os was 141.0 emu/g; the squareness (or/as) was 0.535; the particle 
SFDr was 0 710; and the oxidation stability Aas of the saturation magnetization was 8.6 % as an absolute value (meas- 
ured value- -8 6%). Further, as to sheet magnetic characteristics, the sheet coercive force He was 2.365 Oe; the sheet 
squareness (Br/Bm. wherein Bm was 3.901G). was 0.870; the sheet SFD was 0.395; and ABm was 6.0% (measured 
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Example 4: 

5 < Production spindle-shaped aoethite particles) 

[0209] 30 liters of a mixed aqueous alkali solution containing sodium carbonate of 25 mol and sodium hydroxide of 
20 mol (the concentration of sodium hydroxide being equivalent to 28.6 mol % based on mixed alkali) were charged into 
a reaction vessel and the temperature thereof was adjusted to 47°C while passing a nitrogen gas through the reaction 

10 vessel at a linear velocity of 2.21 cm/s. Then, 20 liters of an aqueous ferrous sulfate solution containing 20 mol of Fe 2+ 
(the concentration of the mixed aqueous alkali solution being 1.75 equivalents based on the ferrous sulfate) were 
charg d into the reaction vessel and the contents of the reaction vessel were aged therein for 20 minutes. Thereafter, 
4 liters of an aqueous cobalt sulfate solution containing 4.2 mol of Co 2+ (equivalent to 21 atm% (calculated as Co) 
based on whole Fe) was added to the reaction vessel and the contents of the reaction vessel were further aged therein 

is for 4 hours and 40 minutes. After aging, air was passed through the reaction vessel at a linear velocity of 1 .32 cm/s to 
conduct the oxidation reaction until the percentage of oxidation of Fe 2 * reached 40 %, thereby goethite seed crystal 
particles. 

[021 0] A part of the water suspension containing the goethite seed crystal particles wherein the oxidation percent- 
age of Fe 2+ was proceeded to 40 %, was taken out and rapidly washed with a diluted aqueous acetic acid solution, fol- 
20 lowed by filtering and then washing with water. As a result of the composition analysis of the obtained goethite seed 
crystal particles, it was determined that the Fe content was 48.60 % by weight and the Co content was 6.66 % by 
weight 

[021 1] Next, after the linear velocity of air passing through the reaction vessel was increased to 3.31 cm/s, 1 liter of 
an aqueous aluminum sulfate solution containing 2.4 mol of Al 3 * (equivalent to 12 atm% (calculated as Al) based on 
25 whole Fe) was added into the reaction vessel at a feed rate of not more than 3 ml/sec to conduct the oxidation reaction, 
and the reaction mixture was washed with water using a filter press until the electric conductivity reached 60 \iS. 
thereby obtaining a press cake. 

[0212] A part of the obtained press cake was dried and pulverized by an ordinary method, thereby obtaining 
goethite particles. As recognized from the transmission electron micrograph shown in Fig. 9, the obtained goethite par- 

30 tides were of a spindle shape, and had a BET specific surface area of 1 79.2 rr^/g, an average major axial diameter of 
0.131 |xm. a standard deviation a of 0.0250 (am, a particle size distribution (standard deviation/average major axial 
diameter) of 0.191, an average minor axial diameter of 0.0175 urn and an aspect ratio (average major axial diame- 
ter/average minor axial diameter) of 7.5:1. Further, the obtained goethite particles contained no dendritic particles. In 
addition, the obtained goethite particles comprised 44.0 % by by weight of Fe based on the weight of the particle, 9.76 

35 % by weight of Co based on the weight of the particle and 2.55 % by weight of Al based on the weight of the particle. 
As a result of the comparison of these values with those of the goethite seed crystal particles, it was determined that 
the Co content in the seed portion was 13.0 atm% (calculated as Co) based on the Fe in the seed portion; the relation- 
ship of the Co concentration of the seed portion of the goethite particle with that of the goethite particle was 61.9 : 100 
and the relationship of the Co concentration of the surface layer portion of the goethite particle with that of the goethite 

40 particle was 125.4 : 100, when the Co concentration of the goethite particle is 100; the relationship of the Co concen- 
tration of the seed portion of the goethite particle with that of the goethite particle was 61 .5 : 100 and the relationship 
of the Co concentration of the surface layer portion of the goethite particle with that of the goethite particle was 125.7 : 
100, when the Co concentration of the goethite particle is 100; and the Al content was 12 atm% (calculated as Al) based 
on whole Fe. Further, it was determined that Al existed only in the surface layer portion. 

45 

Example 5; 

[021 3] The press cake containing 1 ,000 g of the spindle-shaped goethite particles obtained in Example 4 (7.88 mol 
as Fe) was sufficiently dispersed in 40 liters of water. 2 liters of an aqueous yttrium nitrate solution containing 243 g of 

so yttrium nitrate hexahydrate (equivalent to 8 atm% (calculated as Y) based on whole Fe in the spindle-shaped goethite 
particles) and 2 liters of an aqueous cobalt sulfate solution containing 197 g of cobalt sulfate heptahydrate (equivalent 
to 9 atm% (calculated as Co) based on whole Fe in the spindle-shaped goethite particles) were added to the dispersion, 
and then stirred. Further, after a 25.0 wt% aqueous sodium carbonate solution as a precipitating agent was added so 
as to adjust the pH value of the dispersion to 9.5, the dispersion was washed with water using a filter press. The 

55 obtained press cake was extrusion-molded using a compression molding machine equipped with a mold plate having 
an orifice diameter of 3 mm, and the resultant molded particles were dried at 120°C, thereby obtaining spindle-shaped 
goethite particles coated with the yttrium and cobalt compounds. The Co content in the obtained spindle-shaped 
goethite particles was 30 atm% (calculated as Co) based on whole Fe; the Al content was 12 atm% (calculated as Al) 
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based on whole Fe; and the Y content was 8 atm% (calculated as Y) based on whole Fe. Further, it was determined 
that Al existed only in the intermediate layer portion and yttrium existed only in the outer layer portion. 
[02141 The spindle-shaped goethite particles coated with the yttrium and cobalt compounds were heat-dehydrated 
in air at 300»C. and further heat-dehydrated in the same atmosphere at 600°C for 1 hours, thereby producing spindle- 

5 TO215? h8 ^"eccSlized 'from the transmission electron micrograph shown in Fig. 10. the obtained spindle-shaped 
hematite particles had an average major axial diameter of 0.122 urn. a standard deviation a of 0.0218 urn a partode 
size distribution (standard deviation/average major axial diameter) of 0.179. an average rn.norax.al diameter of 0.0168 
urn an aspect ratio (average major axial diameter/average minor axial diameter) of 7.3:1 and a BET specrf.c surface 

io area of 95.7 m 2 /g. The Co content in the spindle-shaped hematite particles was 30 atm% (calculated as Co) based on 
whole Fe; the Al content thereof was 12 atm% (calculated as Al) based on whole Fe; and the Y content thereof was 8 
atm% (calculated as Y) based on whole Fe. In addition, the crystallite size (D 104 ) of the spindle-shaped hematite parti- 
cles was 76 A and the saturation magnetization thereof was 1 .0 emu/g. 

is Example 6: 

( Production of magnetic spind le-shaped metal particles; 

r0216l 100 g of the spindle-shaped hematite particles obtained in Example 5, were charged into a fixed -bed reduc- 
20 ng apparatus having an inner diameter of 72 mm. WhBe a hydrogen (H 2 ) gas was passed through 'the reducing appa- 
ratus^ flow rate of 35 liter/min. the spindle-shaped hematite particles were heat-reduced at 600-C for2 hours .The 
hydrogen gas was replaced with a nitrogen gas. and the temperature of the reducing apparatus was cooled to 80 C. 
Then the oxygen partial pressure in the reducing apparatus was gradually increased while passing steam therethrough 
until the oxygen content therein reached the same content as in air. thereby forming a stable oxide layer on the surface 

25 102m ^'recognized from the transmission electron micrograph shown in Fig. 1 1 . the obtained magnetic spindle- 
shaped metal particles had an average major axial diameter of 0. 105 urn. a standard deviation a of 0.0163 urn. a par- 
ticlTsize distribution (standard deviation/average major axial diameter) of 0.155. an average minor axial diameter of 
0 01 54 urn. an aspect ratio (average major axial diameter/average minor axial diameter) of 6.8:1 , a BET specific surface 
area of 50.1 rtfVg and an X-ray crystallite size (D 110 ) of 15.2 nm. Further, the magnetic metal partic es had a spindle 
shape and a uniform particle size, and contained no dendritic particles. The Co content in the particles was 30 atm% 
(calculated as Co) based on whole Fe; the Al content was 12 atm% (calculated as Al) based on whole Fe; and the Y 
content was 8 atm% (calculated as Y) based on whole Fe. As to the magnetic properties of the magnetc spindle- 
shaped metal particles containing iron as a main component, the coercive force thereof was as high as 2 362 Oe: the 
saturation magnetization os was 140.5 emu/g; the squareness (or/os) was 0.543; and the oxdatjon stability Aos of the 
saturation magnetization was 7.0 % as an absolute value (measured value: -7.0 %). Further, as to 
istics of magnetic coating film, the film coercive force He was 2.41 1 Oe; the squareness (Br/Bm) was 0.873. the SFD 
was 0.382; and ABm was 5.1 % (measured value: -5.1 %). 

40 Example 7; 

( Production of magnetic sp indle-shaped metal particles.) 

[02181 500 g of molded granules (average particle size: 2.6 mm) composed of the spindle-shaped hematite parti- 
45 cles obtained in Example 6 were charged into a fixed-bed reducing apparatus having an inner diameter of 72 mm and 
a bed height of 27 cm. and heated up to 600°C while passing a nitrogen gas through the reducing apparatus at a linear 
velocity of 20 cm/s. After the nitrogen gas was replaced with a hydrogen gas. the contents of the reducng gas was heat- 
r duced at 600»C while passing the hydrogen gas at a linear velocity of 50 cm/s until the dew point of the exhaust gas 
reached -30»C. Thereafter, the hydrogen gas was replaced again with the nitrogen gas. and the reducing apparatus 
so was cooled down to 80°C. Steam and then air were mixed in the nitrogen gas. and the mixed gas was passed through 
the reducing apparatus to gradually increase the oxygen partial pressure, thereby forming a stable ox.de layer on each 
oartide. As a result, there was obtained magnetic spindle-shaped metal particles. 

[021 91 A part (about 10 g) of the thus obtained magnetic spindle-shaped metal particles were taken out from both 
a lower bed portion (bed height: not more than 3 cm) and an upper bed portion (bed height: not less than 25 cm), and 
55 measured as to magnetic properties and crystallite size thereof. otor ,H arH h™* 

[0220] The obtained magnetic metal particles had an average major axial diameter of 0.104 urn. a standard devia- 
tion a of 0 0165 urn. a particle size distribution (standard deviation/average major axial diameter) of 0.159, an average 
minor axial diameter of 0.0153 ,im. an average aspect ratio (average major axial diameter/average minor axial diame- 



30 



35 



25 

piiic.rw»in. ^.cro aoqq 1 « t; A 1 I > 



EP 0 999 185 A1 



ter) of 6.8:1 , a BET specific surface area of 52.4 ir^/g and a crystallite size (D 110 ) of 153 A. Further, the magnetic metal 
particles had a spindle shape and a uniform particle size, and contained no dendritic particles. The Co content in the 
particles was 30 atm% (calculated as Co) based on whole Fe; the Al content was 1 2 (calculated as Al) atm% based on 
whole Fe; and the Y content was 8 atm% (calculated as Y) based on whole Fe. 

5 [0221] As to the magnetic properties of the magnetic spindle-shaped metal particles, the coercive force He thereof 
was 2,321 Oe; the saturation magnetization as was 146.5 emu/g; the squareness (or/os) was 0.540; and the oxidation 
stability Aas of the saturation magnetization was 9.3 % as an absolute value (measured value: -9.3 %). Further, as to 
magnetic characteristics of magnetic coating film, the coercive force was 2,370 Oe; the squareness (Br/Bm) was 0.875; 
the SFD was 0.380; and the oxidation stability ABm was 7.1 % as an absolute value (measured value: -7.1 %). 

10 [0222] Incidentally, the magnetic spindle-shaped metal particles taken out from the lower bed portion, showed a 
coercive force He of 2,335 Oe. a saturation magnetization os of 145.9 emu/g, a squareness (or/as) of 0.541 and a crys- 
tallite size (D 1 10 ) of 1 52 A. Whereas, the magnetic spindle-shaped metal particles taken out from the upper bed portion 
showed a coercive force He of 2,31 1 Oe, a saturation magnetization os of 146.8 emu/g, a squareness (or/as) of 0.538 
and a crystallite size (D 110 ) of 155 A. 

15 

Examples S to 14; 

[0223] The same procedure as defined in Example 1 was conducted except that production conditions of the spin- 
dle-shaped goethite particles, i.e., the production reaction conditions of goethite seed crystal particles and the growth 
20 reaction conditions thereof, were varied as shown in Table 1 , thereby obtaining spindle-shaped goethite particles. Var- 
ious properties of the obtained spindle-shaped goethite particles are shown in Table 2. 

[0224] Further, in Fig. 4, there is shown an electron micrograph of a particle structure of the goethite particles 
obtained in Example 9. 

25 Comparative Example 1 : 

[0225] The same procedure as defined in Example 1 was conducted except that the production reaction conditions 
of goethite particles were changed such that the linear velocity of the oxygen-containing gas passed through the reac- 
tion vessel upon the growth reaction was adjusted to 1.32 cm/s equal to that upon the production reaction of goethite 
30 seed crystal particles, thereby producing goethite particles. 

[0226] As recognized from the transmission electron micrograph shown in Fig. 7, the obtained goethite particles 
showed crystal growth in the minor axial direction, resulting in deterioration in aspect ratio and particle size distribution 
thereof. 

35 Comparative Example 2; 

[0227] The same procedure as defined in Example 1 was conducted except that the production reaction conditions 
of goethite particles were changed such that the linear velocity of the oxygen-containing gas passed through the reac- 
tion vessel upon the growth reaction was adjusted to 1 .98 cm/s which was 1 .5 times that upon the production reaction 
40 of goethite seed crystal particles, thereby producing goethite particles. 

[0228] The obtained goethite particles showed crystal growth in the minor axial direction, resulting in deterioration 
in aspect ratio and particle size distribution thereof. 

Comparative Example 3: 

45 

[0229] The same procedure as defined in Example 1 was conducted except that the production reaction conditions 
of goethite particles were changed such that Al to be added, was added when the percentage of oxidation of Fe 2+ 
reached 100 %, i.e., when no unreacted Fe 2+ remained therein, thereby producing goethite particles. 
[0230] The obtained goethite particles showed crystal growth in the major axial direction, thereby improving an 
so aspect ratio thereof, but the particle size distribution thereof was deteriorated. 

Comparative Example 4: 

[0231 ] The same procedure as defined in Example 1 was conducted except that the contents of the Co and Al com- 
55 pounds added were changed to 5 atm% (calculated as Co) and 3 atm% (calculated as Al) based on Fe. and other con- 
ditions were shown in Table 1 , thereby producing goethite particles. 

[0232] The obtained goethite particles showed crystal growth in the major axial direction, thereby improving an 
aspect ratio thereof, but the particle size distribution thereof was deteriorated. 
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10 



Examples 1 5 to 20 and Comparative Examples 5 to 9: 
( Production of spindle-shaped hematite particles) 

[0233] The same procedure as defined in Example 2 was conducted except that kind of the spindle-shaped 
goethrte particles as precursor, kind and amount of the coating material used for the anti-sintenng treatment, the heat- 
dehydration temperature and the subsequent heat-treatment temperature were varied, thereby producing spindle- 
shaped hematite particles. Production conditions and various properties of the obtained spindle-shaped hematite par- 
ticles are shown in Table 3. 

[0234] Fig. 5 is a transmission electron micrograph showing a particle structure of the hematite particles obtained 
in Example 16. 

Exam ples 21 to 26 an d Comparative Examples 10 to 14: 

, 5 ( Production of magnetic spindle-shaped metal particl e s containing iron as a main component ) 

[0235] The same procedure as defined in Example 3 was conducted except that kind of particles to be treated, kind 
and amount of the coating material used for the anti-sintering treatment, the heating temperature and the reducng tem- 
perature upon the heat-reduction step were varied, thereby producing magnetic metal particles containing iron as a 
20 main component. Reduction conditions and various properties of the obtained magnetic metal particles containing iron 
as a main component, are shown in Table 4. 

[0236] Fig. 6 is a transmission electron micrograph showing a particle structure of the magnetic metal particles con- 
taining iron as a main component which were obtained in Example 22. Further. Fig. 8 is a transmission electron micro- 
graph showing a particle structure of the magnetic metal particles containing iron as a main component which were 
25 obtained in Comparative Example 10. 

Example 27: 

[0237] The spindle-shaped goethrte particles were subjected to anti-sintering treatment, and then directly heat- 
reduced in hydrogen at 600°C. thereby producing magnetic spindle-shaped metal particles containing iron as a main 
component. Production conditions and various properties of the obtained magnetic metal particles containing iron as a 
main component, are shown in Table 4. 

f^oftthitft particles 1 to 4: 

[0238] Four kinds of spindle-shaped goethite particles as starting particles having various properties shown in 
Table 5, were prepared in the similar manner to production method as defined in Example 4. 

Exam ples 28 to 31 a nd Comparative Examples 15 to 18: 

[0239] The same procedure as defined in Example 5 was conducted except mat kind of starting particles, kind and 
composition ratio of the coating material used for the anti-sintering treatment, and the dehydrating temperature, the 
heating temperature and the atmosphere upon transforming the starting particles into hematite particles, were varied, 
thereby producing spindle-shaped hematite particles. Anti-sintering treatment conditions and conditions of the produc- 
tion of hematite particles are shown in Table 6, and various properties of the obtained spindle-shaped hematite particles 
are shown in Table 7. 

Reference Example 1 : 

[0240] According to the method of transforming goethite into hematite as described in Japanese Patent Application 
Laid-Open (KOKAI) No. 9-316461 (1997), spindle-shaped goethite particles which were previously subjected to an anti- 
sintering treatment, were heated at 600°C, thereby producing spindle-shaped hematite particles. 

Reference E xample 2: 

[0241] According to the method of transforming goethite into hematite as described in Japanese Patent Application 
Laid-Open (KOKAI) No. 9-31 6461 (1 997). spindle-shaped goethite particles which were previously subjected to anti-sin- 
tering treatment, were heated at 650°C. thereby producing spindle-shaped hematite particles. 
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[0242] The treatment conditions are shown in Table 6, and various properties of the obtained spindle-shaped hem- 
atite particles are shown in Table 7. 

Examples 31 to 35. Reference Examples 3 to 4 and Comparative Examples 19 to 22: 

[0243] Respective spindle-shaped hematite particles as shown in Table 7, were heat-reduced at 600°C in the same 
manner as in Example 6. thereby producing magnetic spindle-shaped metal particles. 
[0244] Various properties of the obtained magnetic spindle-shaped metal particles are shown in Table 8. 
[0245] The respective magnetic spindle-shaped metal particles as shown in Table 8, were treated in the same man- 
ner as in Example 6, thereby producing magnetic coating films. 

[0246] Various properties of the obtained magnetic coating films are shown in Table 9. 
Spindle-shaped ooethite particles 5 to 6: 

[0247] Two kinds of spindle-shaped goethite particles as starting particles having various properties shown in Table 
10, were prepared in the similar manner to production method as defined in Example 4. 

Spindle-shaoed hematite particles 1 to 4: 

[0248] The same procedure as defined in Example 5 was conducted except that kind of the spindle-shaped 
goethite particles, kind and amount of the coating material used for the anti-sintering treatment and the heat-dehydrat- 
ing temperature were varied, thereby producing spindle-shaped hematite particles. Production conditions and various 
properties of the obtained spindle-shaped hematite particles are shown in Tables 11 and 12. 

Examples 36 to 40 and Comparative Examples 23 to 29: 

[0249] The same procedure as defined in Example 7 was conducted except that kind of the spindle-shaped hema- 
tite particles, the fixed-bed height, kind of the heating gas, kind of the reducing gas, the linear velocity and the reducing 
temperature were varied, thereby producing magnetic spindle-shaped metal particles. Production conditions and vari- 
ous properties of the obtained magnetic spindle-shaped metal particles are shown in Tables 13 and 14. 
[0250] In Example 36 and Comparative Example 23, a part of the magnetic spindle-shaped metal particles were 
taken out from the lower and upper portions of the fixed-bed in the same manner as in Example 7. Various properties 
of the magnetic spindle-shaped metal particles taken out from the fixed-bed, are shown in Table 15. 
[0251] Using the respective magnetic spindle-shaped metal particles as shown in Table 14, magnetic coating films 
were produced in the same manner as in Example 7. Various properties of the obtained magnetic coating films are 
shown in Table 16. 
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Table 1 





Production of 


spindle-shaped goethite 


Examples 






particles 




and 


Production reaction of 


spindle- 


- shaped 


Comparative 


goethite seed crystal particles 


Examples 


Mixed aqueous alkali solution 




Aqueous 


alkali 


Aqueous 


alkali 


Alkali 




carbonate 


hydroxide 


ratio : 




solution 


solution 


1/2 x 


* 


Kind 


Amount, 
used 
(mol) 




used 
(mol) 


alkali 
hydroxide 
/whole 
alkali 
(%) 


Example 8 


Na2C03 


25 


NaOH 


20 


28.6 


Example 9 


Na2C03 


25 


NaOH 


20 


28.6 


Example 10 


Na2C03 


25 


NaOH 


20 


28.6 


Example 11 


Na2C03 


25 


NaOH 


24 


32 .4 


Example 12 


Na2C03 


25 


NaOH 


24 


32.4 


Example 13 


Na2C03 


25 


NaOH 


24 


32 . 4 


Example 14 


Na2C03 


25 


NaOH 


20 


28.6 


Compara t ive 
Example 1 


Na2C03 


25 


NaOH 


20 


28 . 6 


Comparative 
Example 2 


Na2C03 


25 


NaOH 


20 


28.6 


Comparative 
Example 3 


Na2C03 


25 


NaOH 


20 


28.6 


Comparative 
Example 4 


Na2C03 


25 


NaOH 


15 


23. 1 
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Table 1 (continued) 



5 




Production 


of spindle-shaped goethite 




Examples 






particles 








and 


Production 


reaction of spindle-shaped 




C ompa r a t i ve 


goethite seed crystal particles 


10 


Examples 


Aqueous 


Equi- 




Aging 






ferrous salt 


valent 












solution 


ratio: 












Kind 


Amount 


whole 


Tempe- 


Time 


Linear 


15 






used 


a 1 Ira 1 -i 


rature 


(hr) 


velocity 






(mol ) 


/Fe 2 + 
(*) 


(°C) 




of 

nitrogen 
passed 
( cm/ s ) 


20 


'Example 8 


FeS04 


20 


1.75 


47 


5 


3.31 




Example 9 


FeS04 


20 


1.75 


47 


5 


2.21 




£*xeunpj.e xu 


FeS04 


20 


1.75 


47 


5 


2.21 


25 


Example 11 


FeS04 


20 


1. 85 


47 


5 


4 .42 




Example 12 


FeS04 


20 


1. 85 


47 


5 


4 .42 




Example 13 


FeS04 


20 


1 . 85 


47 


5 


4 .42 


30 


Example 14 


FeS04 


20 


1.75 


47 


5 


2 .21 




Comparative 
Example 1 


FeS04 


20 


1.75 


47 


5 


2.21 


35 


Comparative 
Example 2 


FeS04 


20 


1.75 


47 


5 


2 .21 


Comparat ive 
Example 3 


FeS04 


20 


1.75 


47 


5 


2.21 




Comparat ive 
Example 4 


FeS04 


20 


1.625 


47 


5 


2 .21 



40 



(Note) calculated assuming that the whole alkali was 

composed of (1/2 x alkali hydroxide + alkali 
carbonate) . 

45 



55 



30 

BNSDOCID: <EP 0999185A1J_> 



EP 0 999 185 A1 



Table 1 (continued) 



5 




Production of 


spindle-shaped goethite 




Examples 






particles 






and 


Production reaction of 


spindle-shaped 




Comparative 


goethite seed crystal particles 


10 


Examples 


Cobalt compound 


Linear 


Tempe- 






Kind 


Amount 
used 
(mol) 


Timing 
of 

addition 


velocity 
of air 
passed 
(cm/s) 


rature 
( °C ) 


15 


Example 8 


CoS O4 


4 


0.5h 
after 
aging 


1 99 


47 


20 


Example 9 


C0SO4 


2 


2. Oh 
after 


1 99 


47 








aging 








Example 10 


C0SO4 


2 


2 . Oh 
after 
agxng 


1 5 S 
1 . J J 


4 7 


25 


Example 11 


C0SO4 


6 


0.25h 
after 
aging 


1 10 


47 


30 


Example 12 


C0SO4 


6 


0.25h 
after 


1.10 


47 




Example 13 


C0SO4 


6 


0.25h 
after 
aging 


1 . 10 


47 


35 


Example 14 


C0SO4 


4 


0 . 5h 
after 
aging 


1.32 


47 


40 


Comparative 
Example 1 


C0SO4 


4 


0. 5h 
after 
aging 


1.32 


47 




Comparative 
Example 2 


C0SO4 


4 


0.5h 
after 
aging 


1.32 


47 


45 


Comparative 
Example 3 


C0SO4 


4 


0. 5h 
after 
aging 


1.32 


47 


SO 


Comparative 
Example 4 


C0SO4 


1 


4.75h 
after 
aging 


2 .65 


47 



55 
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Table 1 (continued) 



5 




Production of spindle- 


shaped goethite 




Examples 






particles 






and 


Growth reaction of seed 


crystal particles 


10 


Comparative 
Examples 


Aluminum compound 


Amount of air 
passed 






Kind 




*"P *i mi nrf 

J. .LilLJLll^ 


T . i r*i a a t~ 
Lj -Li Itr cl. £ 












of 


VciULl 


1 inear 








(mol) 


addi t i on 


( r*m / q 1 


1 nri 


15 








( nercen- 
tage o f 
oxidatio 




upon 

tion of 
seed 


20 








n of 
Fe 2 *: %) 
(*) 




crystal 




Example 8 


Aluminum 
sulfate 


1 . 6 


60 


4 . 42 


2 .22 




Example 9 


Aluminum 


2.0 


50 


4.42 


2 . 22 


25 




sulfate 












Example 10 


Aluminum 
sulfate 


1.4 


40 


3 . 31 


2 . 14 




Example 11 


Aluminum 


2.4 


50 


3 .31 


3 


30 




sulfate 












Example 12 


Aluminum 
sulfate 


1.4 


50 


3 . 31 


3 




Example 13 


Aluminum 


2.0 


70 


3 .31 


3 


35 




sulfate 










Example 14 


Aluminum 
sulfate 


2.4 


40 


3 .31 


2 . 5 




Comparat ive 


Aluminum 


2.4 


40 


1 .32 


1 




Example 1 


sulfate 










40 


Comparative 
Example 2 


Aluminum 
sulfate 


2.4 


40 


1. 98 


1 . 5 




Comparative 


Aluminum 


2.4 


100 


3.31 


2.5 




Example 3 


sulfate 










45 


Comparative 


Aluminum 


0.6 


70 


2 . 65 


1 


Example 4 


sulfate 











(Note) *: added together with 10 mol of Fe 2+ and 1/2 of 
so mixed alkali used upon the production of seed 

crystal, after the production reaction of seed 
crystal. 
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Table 2 





Examples 


Properties of goethite particles 


10 


and 
Comparative 
Examples 


Kind 


Shape 


Average 
major 
axial 
diameter : 
1 

()jm) 


Standard 
deviation 

: a 


15 


Example 8 


Goethite 
particles 


Spindle- 
shaped 


0.122 


0.0241 




•Example 9 


Goethite 
particles 


Spindle- 
shaped 


0. 132 


0.0259 


20 


Example 10 


Goethite 
particles 


Spindle- 
shaped 


0.135 


0.0262 




Example 11 


Goethite 
particles 


Spindle- 
shaped 


0.121 


0.0238 


25 


Example 12 


Goethite 
particles 


Spindle- 
shaped 


0 . 129 


0 . 0249 




Example 13 


Goethite 
particles 


Spindle- 
shaped 


0.142 


0.0278 


30 


Example 14 


Goethite 
particles 


Spindle- 
shaped 


0.130 


0.0251 




Comparative 
Example 1 


Goethite 
particles 


Spindle- 
shaped 


0.126 


0.0311 


35 


Comparative 
Example 2 


Goethite 
particles 


Spindle- 
shaped 


0.127 


0.0316 




Comparative 
Example 3 


Goethite 
particles 


Spindle- 
shaped 


0 .146 


0.0389 


40 


Comparative 
Example 4 


Goethite 
particles 


Spindle- 
shaped 


0.131 


0.0326 



45 



50 



33 
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Table 2 (continued) 



5 





Examples 


Properties of goethite particles 


10 


and 




Ik\rfi'r^ pro 
/t. v o y tz: 




.Oil/ 1 


Comparative 


size 


minor 


ratio 


specific 




Examples 


r3 t c: t~ t" i — 
bution * 

O/ 1 


axia 1 
diameter 

(nm) 




eii v* /"-^ 

ax. ca. 

(m^/g) 


15 


nxaiup j.e o 


0.198 


0.0165 


7.4 


183.0 




'Example 9 


0 . 196 


0 . 0181 


7 . 3 


175 . 9 




Example 10 


0.194 


0.0175 


7.7 


166. 5 




rjcampie ±± 


0.197 


0. 0170 


7.1 


207. 6 


20 


Example 12 


0.193 


0. 0179 


7.2 


192. 5 




Example 13 


0.196 


0. 0195 


7 . 3 


184.3 




Example 14 


0.193 


0. 0173 


7.5 


180.3 




Comparative 


0.247 


0.0198 


6.4 


143.9 


25 


Example 1 










Comparative 
Example 2 


0.249 


0. 0195 


6.5 


160.5 




Compara t ive 


0.266 


0. 0182 


8 . 0 


201. 3 




Example 3 










30 


Comparative 
Example 4 


0.249 


0. 0168 


7.8 


131. 4 



35 



40 



45 



50 



55 
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Table 2 ( con tinned) 



5 







Properties of goethite particles 




Examples 












and 


Composition ratio of 


Co 


Al 


10 


Comparative 


seed ; 


portion 


content : 


content : 




Examples 


Co 
content 
in seed 


Relation- 
ship of Co 
concentra- 


Co/Fe 
(atm%) 


Al/Fe 
(atm%) 


15 




crystal 


tion in 








to Fe in 

seed 
crystal 
(atm%) 


seed 
crystal to 
Co 

concentra- 






20 






tion in 
particle 








Example 8 


16.3 • 


81.5 


20 


8 




Example 9 


7.3 


72.5 


10 


10 




Example 10 


6.2 


61.5 


10 


7 


25 


Example 11 


21.8 


72.5 


30 


12 




Example 12 


21.7 


72.3 


30 


7 




Example 13 


26.6 


88.8 


30 


10 




Example 14 


12. 3 


61.5 


20 


12 


30 


Compara t i ve 
Example 1 


12.3 


61.5 


20 


12 




Compara t ive 
Example 2 


12.3 


61.5 


20 


12 


35 


Compara t ive 
Example 3 


20.0 


100 


20 


12 




Compara t ive 
Example 4 


4.4 


88.8 


5 


3 



40 



45 



50 
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Table 3 



5 







Production conditions of hematite 




Examples 




particles 




10 


and 


Anti-sintering agent 


Comparative 
Examples 


Compound of rare 
earth element 


O the r c ompound 






Kind 


Amount 
added 


Kind 


Amount 
added 


15 






<g> 




(g) 




Example 15 


Yttrium 
nitrate 


245 


— 


- 




Example 16 


Neodymium 


225 


- 


- 


20 




nitrate 








Example 17 


Neodymium 
nitrate 


150 


— 


— 




Example 18 


Yttrium 
nitrate 


230 






25 


Example 19 


Yttrium 
nitrate 


340 








Example 20 


Praseo- 
dymium 


260 






30 




nitrate 










Comparative 


Yttrium 


245 








Example 5 


nitrate 










Comparative 


Yttrium 


245 






35 


Example 6 


nitrate 








Comparative 
Example 7 


Yttrium 
nitrate 


245 








Compara t i ve 




150 


Boric 


150 




Example 8 






acid 




40 


Comparative 
Example 9 


Yttrium 
nitrate 


605 







45 



50 



55 
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Table 3 



5 







Production conditions of hematite 




Examples 


particles 


10 


ana 








i*-omparac lve 


Heat - treatment 




Examples 


Heating temperature 


Atmosphere 


15 




<°C) 






Example 15 


600 


Air 




fexample 16 


700 


Air 


20 


Example 17 


700 


Air 




Example 18 


600 


Air 




Example 19 


600 


Air 


25 


Example 20 


600 


Air 


Comparative 
Example 5 


600 


Air 




Comparative 
Example 6 


600 


Air 


30 


Comparative 
Example 7 


600 


. Air 




Comparative 
Example 8 


400 


Air 


35 


Comparative 
Example 9 


600 


Air 



40 



45 



SO 



55 
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Table 3 (continued) 



5 





Examples 
and 


Production conditions of hematite 
particles 


10 


Comparative 


Properties of hematite particles 




Examples 






AVeiayc 

major 


o canaara 
deviation 

: a 


15 








d "i ampf pr • 

1 

(um) 






Example 15 


x 1 V — . i I iC^t. 1— -A. L*- 

particles 


shaped 


O.no 


0 0201 


20 


Example 16 


H£»ma f i tp 

L I^IUH l»» ^ l_ 

particles 


shaped 


0 . 123 


0 0230 




Example 17 


L iNwllltA W -L- • 

particles 


Qn i rid 1 f=> — 

shaped 


0.126 


0 0236 


25 


Example 18 


Hematite 
particles 


Spindle- 
shaped 


0 .111 


0.0206 




Example 19 


Hematite 
particles 


Spindle- 
shaped 


0.120 


0.0222 


30 


Example 20 


Hematite 
particles 


Spindle- 
shaped 


0.131 


0.0247 




Comparative 


Hematite 


Spindle- 


0.118 


0.0290 




Example 5 


particles 


shaped 








Compara t i ve 


Hematite 


Spindle- 


0.119 


0.0291 


35 


Example 6 


particles 


shaped 








Compara t i ve 


Hematite 


Spindle- 


0.136 


0.0342 




Example 7 


particles 


shaped 








Compara t i ve 


Hematite 


Spindle- 


0.121 


0.0279 


40 


Example 8 


particles 


shaped 






Comparative 
Example 9 


Hematite 
particles 


Spindle- 
shaped 


0.118 


0.0242 



45 



50 



55 
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Table 3 (continued) 



5 





and 


Production conditions of hematite 
particles 


10 


Comparative 


Properties of hematite part 


icles 


r.xa mpxes 


particle 

size 
distri- 
bution: 


Average 
minor 
axial 

diameter 


Aspect 
ratio 


BET 
specific 
surface 
area 


15 






(urn) 




(m z /g) 




Example 15 


0. 183 


0.0156 


7.0 


85.1 




Example 16 


0. 187 


0.0173 


7.1 


63.6 


20 


Example 17 


0. 188 


0 . 0168 


7 . 5 


62 . 3 




Example 18 


0. 185 


0.0162 


6.9 


98.5 




Example 19 


0. 185 


0.0170 


7.1 


92 .3 


25 


Example 20 


0.189 


0.0189 


6.9 


94.8 




Compara t ive 
Example 5 


0.246 


0.0190 


6.2 


64.3 


30 


Comparative 
Example 6 


0.245 


0.0187 


6.4 


72 .0 




Comparative 


0.251 


0.0175 


7.8 


82.1 




Example 7 












Comparat ive 


0.230 


0.0160 


7 . 6 


69.8 




Example 8 










35 


Comparative 
Example 9 


0.205 


0. 0160 


7.4 


110.4 



40 



45 



50 



39 
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Table 3 (continue) 



Examples 
and 
Comparative 
Examples 


Production conditions of hematite particle 


Properties of hematite particles 


Composition ratio 
of seed portion 


Co 
content 


content : 

Al/Fo 
\ aun^ / 


of rare 

Re/Fe 
(atm%) 


Co 

content 
in seed 
crystal 
to Fe in 

seed 
crystal 
(aian%) 


Relation- 
ship of 
Co 

ebneentra 
-tion in 

seed 
crystal 
to Co 
concentra 
-tion in 
particle 


» CO/PQ 

(at-m* \ 

\ GL l^iLl O / 


Example 15 


16.. 1 


81.5 


20 


ft 


T.n: R 


Example 16 


7.3 


72 .5 


10 


10 


Ln: 6 


Example 17 


6 . 2 


61 5 


10 


7 


Ln: 4 


Example 18 


21.8 


72.5 


30 


12 


Ln: 8 


Example 19 


21.7 


72.3 


30 


7 


Ln: 12 


Example 20 


26.6 


88.8 


30 


10 


Ln: 8 


Comparative 
Example 5 


12.3 


61.5 


20 


12 


Ln: 8 


Comparative 
Example 6 


12.3 


61.5 


20 


12 


Ln: 8 


Comparative 
Example 7 


20.0 


100 


20 


12 


Ln: 8 


Comparative 
Example 8 


4.4 


88.8 


S 


3 


B: 10 


Comparative 
Example 9 


12.3 


61.4 


20 


12 


Ln: 20 



45 



50 



55 
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Table 4 



5 







Heat- 


Properties of magnetic metal 




Examples 


reduction 


particles containing iron as 


10 


and 




main component* 




Comparative 


Reducing 


Average major 


Standard 




Examples 


temperature 


axial 


deviation : <r 


15 




<°C) 


diameter : 1 
(urn) 






Example 21 


600 


0 . 102 


0 .0161 


20 


Example 22 


500 


0.110 


0.0174 




Example 23 


500 


0.114 


0.0183 






600 


0.100 


0.0159 


25 


Example 25 


600 


0.106 


0.0168 




Example 26 


600 


0.118 


0.0189 




Examole 27 


note 3 ) 

600 


0.105 


0.0192 


30 


Comparative 
Example 10 


600 


0.105 


0.0220 




Comparative 
Example 11 


600 


0.108 


0 .0225 


35 


Comparative 
Example 12 


600 


0.123 


0.0269 




Comparative 
Example 13 


400 


0.109 


0.0229 


40 


Comparative 
Example 14 


600 


0.110 


0.0275 



Note *: treated with 245 g of yttrium nitrate as an 
anti-sintering agent. 



50 



41 
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Table 4 (continued) 



5 







Properties of magnetic metal particles 




Examples 


containing iron as main component 


10 


3. rid 


particle 


Average 


Aspect 


BET 




V- wlll^/CLX. GL W .L. V ~ 


size 


minor 


ratio 


specific 




uACU 1 J. S 


distri- 


axial 




surface 


15 




bution: 
O/ 1 


diameter 
(um) 




area 
(m^/g) 




Example 21 


0.157 


0.0152 


6.7 


46.6 


20 


U — L ITU ■ J 1- 1 O 

xLxampie 


0.159 


0. 0165 


6.6 


48 .7 




Example 23 


0.160 


0.0163 


7.0 


45 .0 




Example 24 


0.158 


0. 0155 


6 . 5 


48 . 7 


25 


Example 25 


0.159 


0.0161 


6.6 


49.8 


Example 26 


0.160 


0. 0182 


6.5 


48.1 




Example 27 


0.183 


0.0162 


6.5 


42.3 


30 


C ompa ra t i ve 
Example 10 


0.210 


0.0181 


5.8 


43 .8 




Comparative 
Example 11 


0.208 


0.0183 


5.9 


44 . 9 


35 


Comparative 
Example 12 


0.219 


0.0161 


7.6 


56.2 


Comparative 
Example 13 


0.210 


0.0153 


7.1 


61.2 




Comparative 
Example 14 


0.250 


0.0150 


7 . 3 


61 . 9 



45 



50 



55 
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Table 4 (continued) 



5 







Properties of magnetic metal particles 




Examples 


containing iron as main component 


10 


and 


X-ray 


Co 


Al 


Content 




Comparative 


crystal- 


content : 


content : 


of rare 




Examples 


lite 


Co/Fe 


Al/Fe 


earth 


15 




size : 
Duo 
(nm> 


(atm%) 


(atm%) 


element : 
Re/Fe 
(atm%) 




Example 21 


14 . 9 


20 


8 


Ln: 8 


20 


Example 22 


15.5 


10 


10 


Ln: 6 




Example 23 


14.1 


10 


7 


uTX : <i 




Example 24 


15.5 


30 


12 


Ln: 8 . 


25 


Example 2 5 


15.2 


30 


7 


Ln: 12 




Example 26 


15.9 


30 


10 


Ln: 8 




Example 27 


16.0 


20 


12 


Ln: 8 


30 


C ompa rat i ve 
Example 10 


16.7 


20 


12 


Ln: 8 




Comparative 
Example 11 


16.5 


20 


12 


Ln: 8 


35 


Comparative 
Example 12 


16.7 


20 


12 


Ln: 8 




Comparative 
Example 13 


14 .0 


5 


3 


B: 10 


40 


Comparative 
Example 14 


16.8 


20 


12 


Ln: 20 



45 



50 
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Table 4 (continued) 



5 







Properties of magnetic metal particles 




Examples 


containing iron as main component 


10 


and 


Coercive 


Particle 


Satura- 


Square- 


Aas 




Comparative 


force; 


coercive 


tion 


ness : 


(%) 




Examples 


He 


force 


magnet- 


or /os 




15 




(Oe> 


distri- 
xjul l. i on . 
SFDr 


ization 

- V/o 

(emu/g) 






20 


ExamDle 21 


2, 264 


0.702 


146.3 


0.538 


9.7 


Example 22 


2 , 022 


0 . 682 


135.4 


0. 526 


7.3 




Example 23 


1, 958 


0.695 


126.9 


0.516 


9.5 




hxampie ^4 


2,241 


0.692 


146. 6 


0.541 


6.8 


25 


Example 25 


2, 163 


0 . 713 


143 . 0 


0 . 540 


9 . 5 




Example 26 


2, 068 


0.715 


151.2 


0.529 


9.5 




Example 27 


2,019 


0.718 


153.4 


0.518 


9.7 


30 


Compa r a t i ve 
Example 10 


2, 064 


0.732 


143.4 


0.502 


13. 1 




Comparative 
Example 11 


2, 098 


0.730 


142.2 


0.505 


12 .4 


35 


Comparative 
Example 12 


1,943 


0.761 


135.3 


0. 501 


12 .4 




Compara t i ve 
Example 13 


1, 803 


0.783 


122.0 


0. 503 


13 . 7 


40 


Comparative 
Example 14 


2, 120 


0.771 


122.2 


0.510 


12. 1 



45 

50 
55 
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Table 4 (continued) 



5 







Sheet characteristics 




Examples 


Coercive 


Satura- 


Square- 


SFD 


ABm 


10 


and 


force : 


tion 


ness : 




(%) 




Comparative 


He 


magnetic 


Br/Bm 








Examples 


(Oe) 


flux 








15 






density: 
Bm 
(G) 


- 






20 


Example 21 


2, 320 


4,096 


0.867 


0 395 


6 . 9 




Example 22 


2 , 067 


3 , 712 


0. 878 


0.390 


4.7 




Example 23 


1, 995 


3,376 


0. 875 


0.392 


6.8 




Example 24 


2,291 


4,130 


0.873 


0.394 


A O 

4 . 8 


25 


Example 25 


2 , 186 


3, 972 


0. 870 


0.401 


7.1 




Example 2 6 


2, 083 


4, 280 


0.861 


0.403 


7.6 




Example 27 


2,036 


4,261 


0.858 


0.418 


7.7 


30 


Comparative 
Example 10 


2,061 


3,988 


0.840 


0.458 


12.0 




Comparative 
Example 11 


2,107 


3,950 


0.845 


0 .447 


11.0 


35 


Comparative 
Example 12 


1,921 


3,690 


0.833 


0.465 


11.4 




Comparative 
Example 13 


1,847 


3,186 


0.864 


0.485 


13 . 8 


40 


Comparative 
Example 14 


2,144 


3,220 


0.844 


0.478 


11.0 



45 



50 



55 
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Table 5 



5 




Properties of Goethite particles 




bcarting 


Average 
major 


Standard 
deviation 


Particle 
size 


Average 
minor 




particles 


axial 


(pm) 


distri- 


axial 


10 




diameter 




bution 


diameter 




<ym) 




(-) 


(Vim) 




Goethite 


0.130 


0.0246 


0.189 


0.0171 




particles 1 












Goethite 


0.141 


0.0271 


0. 192 


0.0186 


15 


particles 2 












Goethite 


0.120 


0.0227 


0.189 


0.0162 




particles 3 












Goethite 


0.134 


0.0265 


0.198 


0.0174 


20 


particles 4 











Table 5 (continued) 





Starting 


Properties of goethite particles 


30 


particles 


Aspect 


BET 


Con©osition ratio of 






ratio 


specific 


seed portion 






<-> 


surface 
area 


Co content 
in seed 


Relation- 
ship of Co 


35 






<m 2 /g) 


crys tal to 
Fe in seed 
crys tal 
(atm%) 


concentra- 
tion in 
seed 
crystal to 
Co 


40 










concentra- 
tion in 
particle 




Goethite 


7.6 


165.4 


12.9 


61.4 


45 


particles 1 










Goethite 
particles 2 


7.6 


169.5 


13.0 


61.9 




Goethite 


7.4 


158.8 


12.9 


61.4 




particles 3 










so 


Goethite 
particles 4 


7.7 


150.3 


6.0 


60. 0 



55 
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Table 5 (continued) 





Starting 


Properties of Goethite particles 


70 


parcicxes 


Co content: Co/Fe 
(atm%) 


Al content: Al/Fe 
(atm%) 


75 


Goethite 
particles 1 


21 


8 




Goethite 


21 


10 


20 


particles 2 








Goethite 


21 


7 




particles 3 






25 


Goethite 


10 


4 




particles 4 







30 



35 



40 



45 



50 
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Table 6 



5 


Examples. Reference 
Examples and Compara- 
tive Examples 


Starting particles 


Anti-sintering treatment 








Compound of rare earth element 


Cobalt 


10 


Kind 


Re content: Re/Fe 
(atm%) 


Co content: Co/Fe 








Example 28 


Goethite particles 1 


Y(N0 3 )3 


8 


9 




Example 29 


Goethite particles 1 


Y(N0 3 )3 


6 


4 


15 


Example 30 


Goethite particles 2 


Y(N0 3 )3 


6 




Example 31 


Goethite particles 3 


NdfNOak 


10 






Reference Example 1 


Goethite particles 1 


Y(N0 3 >3 


8 


10 




Reference Example 2 


Goethite particles 2 


Y(N0 3 )3 


6 




20 


Comparative Example 15 


Goethite particles 1 


Y(N0 3 )3 


8 


9 




Comparative Example 16 


Goethite particles 1 


Y(N0 3 )3 


8 


9 




Comparative Example 1 7 


Goethite particles 1 


Y(N0 3 )3 


8 


9 


25 


Comparative Example 18 


Goethite particles 4 


Y(N0 3 )3 


4 




Examples, Reference 
Examples and Compara- 
tive Examples 


Conditions of conversion into hematite 


30 


Dehydrating temperature 
(°C) 


Atmosphere 


Heating temperature 
(°C) 


Atmosphere 






Example 28 


300 


Air 


600 


Air 




Example 29 


280 


Air 


550 


Air 


35 


Example 30 


320 


Air 


650 


Air 




Example 31 


320 


Air 


650 


Air 




Reference Example 1 






600 


Air 




Reference Example 2 






650 


Air 


40 


Comparative Example 15 


300 


Air 


750 


Air 




Comparative Example 16 


300 


Air 


400 


Air 




Comparative Example 17 


300 


N 2 


600 


N 2 


45 


Comparative Example 18 


300 


Air 


600 


Air 



50 



55 
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Table 7 





Examples , 


Properties of hematite particles 


10 


Reference 
Examples 
and 
Comparat ive 


Aver aye 
ma j or 
axial 
diameter 
(ptm) 


c f p» mr? A T"d 

deviation 


Part icle 

size 
distri- 
bution 


Average 
minor 
axial 
aiainecer 


15 


Examples 












Example zo 


0.120 


0.0215 


0.179 


0.0164 




Example 29 


0 . 115 


0 . 0205 


0 . 178 


r\ ni £Z 
U . UlD^ 


20 


gxample 3 0 


0. 129 


0.0222 


0 . 172 


0.0172 


Example 31 


0.106 


0.0190 


0.179 


0 .0149 




Reference 


0.114 


0.0211 


0.185 


0 .0163 




Example 1 










25 


Reference 


0.124 


0.0234 


0. 189 


0.0180 




Example 2 










30 


Comparat ive 


0.117 


0.0302 


0 .258 


0.0191 


Example 15 












Compar a t ive 


0.125 


0.0226 


0 . 181 


0 .0160 




Example 16 










35 


Comparat ive 
Example 17 


0.114 


0.0298 


0.261 


0.0178 




Compara t ive 


0.115 


0.0311 


0.270 


0 .0177 


40 


Example 18 











45 



50 
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Table 7 (continued) 



5 





Examples, 


Properties of hematite particles 


10 


Keterence 

and 
Comparative 


Aspect 
ratio 
<-) 


BET 
specific 
surface 
area 

(rr\2 / rr\ 


Dl OA 

(A) 


Os 


ID 


£iXaITipicS 












Example 28 


7 . 3 


88 . 2 


78 


1.2 




Example 29 




oj . 4 


75 


0 . 8 


20 




7 . 5 


81.7 


74 


0.8 




Example 31 


7.1 


90.3 


70 


0.7 




Reference 


7.0 


84.4 


91 


3.0 


25 


Example 1 










rce r erence 
£jxarop le z 


6 . 9 


76. 9 


87 


3 . 1 




Compara t i ve 


6.1 


62.2 


103 


16.8 


30 


Example 15 












Compara t ive 


7.8 


151.6 


38 


0.2 




Example 16 










35 


Compara t ive 
Example 17 


6.4 


65. 5 


105 


15. 1 




Compara t ive 


6.5 


58. 6 


90 


2.8 


40 


Example 18 











45 



50 
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Table 7 (continued) 



5 







Properties of hematite particles 


10 
15 


Examples , 
Reference 
Examples 
ana 
Comparative 
Examples 


Co content : 
Cn/ Fe 
(atm% ) 


Al content: 
Al/Fe 
(atm%) 


Content of 
rare earth 
element : 
Re/Fe 
(atm%) 




Example 28 




8 


8 




Example 2 9 


25 


8 


6 




gxample 30 




10 


6 


20 


Example 31 


21 


1 


10 




Reference 


3 0 


o 
o 


8 




Example 1 








25 


Reference 


21 


10 


6 




Comparative 


30 


8 


8 


30 


Example 15 










Comparative 


30 


8 


8 




Example 16 








35 


Comparative 
Example 17 


30 


8 


8 




Comparative 


10 


4 


4 


40 


Example 18 









45 



SO 
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Table 8 



5 





Examples , 


Heac- 


Properties 


of magnetic 




rv.tr i. cicilCc 




spindle-shaped metal 


10 






particles 




and 


Reducing 


Average major 


Standard 






Lciuperatuxc 


axial 


deviation 


15 


Examples 


( °C) 


diameter 

\ V^iu } 


(Jim) 




Example 32 


600 


0 . 101 


0 , 0158 


20 


example J J 


OUU 


n o q p 


U . UiJl 






600 


0 . 112 


0. 0171 




Example 35 


^ ^ 

600 


0.091 


0. 0137 


25 


Ppf prpnp<a 

Example 3 




0.100 


0 . 0168 




Reference 


600 


0.110 


0. 0184 












30 


Comparative 
Example 19 


600 


0.097 


0-0221 




Comparative 


600 


0.081 


0.0273 


35 


Example 20 










Comparative 


600 


0.098 


0 . 0228 




Example 21 








40 


Comparative 
Example 22 


600 


0. 106 


0. 0263 



45 



50 



55 
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Table 8 (continued) 



5 





Examples, 


Properties of magnetic spindle- shaped 




Reference 




metal particles 





10 


Examples 


particle 


Average 


Aspect 


BET 






size 


minor 


ratio 


specific 




Comparative 


distri- 


axial 


(-) 


surface 


ID 




bution 
(-) 


diameter 
(pm> 




area 
(m 2 /g> 




Example 32 


0.156 


0 . U14IO 




48 . 6 


20 


gxample 33 


0.154 


0.0151 


6 . 5 


49 . 8 




Example 34 


0.153 


0 • OlDD 


f, ft 


47 .1 




Example 35 


0.151 


0.0140 


6.5 


52 . 3 


25 


Reference 


0.168 


0.0154 


6.5 


47 .2 


Example 3 












Reference 


0.167 


0.0169 


6.5 


46 . 8 




Example 4 










30 


Comparative 
Example 19 


0.228 


0.0167 


5.8 


38.6 




Comparative 


0.337 


0. 0169 


4.8 


52 . 6 


35 


Example 20 












Comparative 


0.233 


0.0166 


5.9 


45 . 5 




Example 21 










40 


Comparative 
Example 22 


0.248 


0.0171 


6.2 


40.3 



45 



SO 



55 



53 
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Table 8 (continued) 



5 





c.x3irip i es , 


Properties of magnetic spindle-shaped 








metal particles 




10 


i-jS^CLlllj^J -L O 


Dlio 


Co 


Al 


Content 




and 


(run) 


content : 


content : 


of rare 




Comparative 




Co/Fe 


Al/Fe 


earth 


15 


Examples 




(atm%) 


(atm%) 


element: 
Re/Fe 
(atm%) 


on 


Example 32 


15.8 


30 


8 


o 
O 






15.5 


25 


8 


6 




Example 34 


16.0 


2 1 


10 


6 


25 


£*xamp x e -) o 


14.8 


21 


7 


± U 


Reference 


15.6 


3 0 


8 


8 


30 


Reference 


16 . 1 


21 


10 


a 
o 


Example 4 












Compar a t i ve 


16.3 


30 


8 


8 




Example 19 










35 


Compara t i ve 
Example 20 


16.7 


30 


8 


8 




Compara t ive 


15.9 


30 


8 


8 


40 


Example 21 












Compa r a t ive 


16.0 


10 


4 


4 




Example 22 











45 



50 



55 



54 
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Table 8 (continued) 



5 





Examples, 


Properties of magnetic spindle-shaped 




Reference 




metal particles 




10 


Examples 


Coercive 


Satura- 




Scjuare- 




and 


force : 


tion 


(%) 


ness : 




uomparat. lve 


He 


magneti- 




ar/as 


15 


Examples 


<Oe) 


zation: 

OS 

(emu/g) 






20 




2, 289 


142 .2 


6.8 


0.534 




Example 33 


2,280 


138.9 


o . 5 


0.532 




Example 34 


2, 207 


141 . 3 


5.7 


0.529 




Example 35 


2,276 


136.1 


7 . 2 


U . JJU 


25 


Reference 


2, 242 


145 . 3 


8.3 


0.530 




Example 3 










30 


Reference 


2, 152 


142 . 5 


7.8 


r\ COT 

0 . 521 


Example 4 












Comparat ive 


2, 033 


148.8 


13.0 


0.509 




Example 19 










35 


Comparative 
Example 20 


1, 932 


131 .4 


14.4 


0.498 




Comparative 


2,200 


146.8 


11.2 


0.516 


40 


Example 21 












Comparative 


1, 904 


138.3 


10.4 


0.501 




Example 22 











45 



SO 



55 



55 
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Table 9 



5 


Examples, Refer* 
ence Examples and 
Comparative Exam- 
ples 


Properties of magnetic coating film 


10 




Coercive force: He 
(Oe) 


Saturation magnetic 
flux density: Bm (G) 


Squareness: Br/Bm 


SFD 


ABm (%) 




Example 32 


2,332 


3,932 


0.870 


0.387 


5.0 




Example 33 


2,319 


3.850 


0.875 


0.380 


4.3 




Example 34 


2,254 


3,913 


0.869 


0.387 


3.9 


15 


Example 35 


2,321 


3.782 


0.865 


0.384 


5.4 




Reference Example 
3 


2,289 


4,022 


0.870 


0.393 


6.1 


20 


Reference Example 
4 


2,193 


3,940 


0.868 


0.398 


6.0 




Comparative Exam- 
ple 19 


2,013 


4,133 


0.843 


0.469 


12.4 


25 


Comparative Exam- 
ple 20 


1,903 


3.638 


0.821 


0.512 


13.8 




Comparative Exam- 
ple 21 


2,167 


4,061 


0.840 


0.488 


10.5 


30 


Comparative Exam- 
ple 22 


1,944 


3,847 


0.836 


0.501 


10.6 



35 



40 



45 



50 
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Tab^ 1,0 



S tax ting 


Properties of spindle-shaped goethite 
particles 


particles 


Average 
ma jor 
axial 

diameter 
(um) 


Standard 
deviation 
(um) 


Particle 

size 
distri- 
bution 
(-) 


Average 
minor 
axial 

diameter 
(urn) 


Goethite 
particles S 


0.12 6 


0.0238 


0. 189 


0.0175 


Goethite 
particles 6 


0.138 


0.0258 


0,187 


0.0177 




taHIa 10 (continued) 










starting 
particles 


Properties of goethite particles 


Aspect 
ratio 
(-) 


BET 
specific 
surface 
area 

(m 2 /g> 


Composition ratio of 
seed portion 


Co content 

in seed 
crystal to 
Fe in seed 
crystal 
(atm%) 


Relation- 
ship of Co 
concentra- 
tion in 
seed 
crystal to 
Co 

concentra- 
tion in 
particle 


Goethite 
particles 5 


7.2 


193.2 


15.4 


61.6 


Goethite 
particles 6 


7.8 


170.3 


12.9 


61.4 



fphle 10 ( continued) 



Starting 
particles 


Prooerties of Goethite particles 


Co content: Co/Fe 
(atm%) 


Al content; Al/Fe 
(atm%) 


Goethite 
particles 5 


25 


10 


Goethite 
particles 6 


21 


8 



57 
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Table 11 



5 






Ant i - s inter ing treatment 




Hematite 


Starting 


Compound of 


rare earth 


10 


particles 


particles 


element 






Kind 


Re content : 
Re/Fe 
(atm%) 


15 


Hematite 
particles 1 


Goethite 
particles 5 


Y(N03)3 


8 




Hematite 
particles 2 


Goethite 
particles 5 


Nd(N03) 3 


10 


20 


Hematite 
particles 3 


Goethite 
particles 6 


Y(N03)3 


6 


Hematite 
particles 4 


Goethite 
particles 6 


Nd{N03) 3 


8 


25 




Table 


11 (continued) 



30 




Ant i -sintering 


Conditions of 




Hematite 


treatment 


conversion into 




particles 






hematite 






Coba 1 t compound 


Dehydrating 


Heating 


35 




Kind 


Co 
content : 
Co/Fe 
(atm%) 


tempera- 
ture 
<°C) 


tempera- 
ture 
(°C) 


40 


Hematite 
particles 1 


C0SO4 


10 


300 


600 




Hematite 
particles 2 


C0SO4 


10 


330 


650 


45 


Hematite 
particles 3 


C0SO4 


9 


300 


550 




Hematite 
particles 4 


Co(C2H302>2 


4 


330 


600 



50 



55 



58 
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Table 12 



5 




Properties of hematite particles 


10 


Hematite 
particles 


Average 
major 
axial 

diameter 
(ym) 


Standard 
deviation 
(ym) 


Particle 

size 
distri- 
bution 
<-> 


Average 
minor 
axial 

diameter 
(lam) 




Hematite 


0.117 


0.0205 


0.175 


0.0167 


15 


particles 1 












Hematite 


0.113 


0. 0192 


0.170 


0.0169 




particles 2 










20 


Hematite 
particles 3 


0.129 


0. 0232 


0.180 


0.0170 




Hematite 


0.125 


0. 0220 


0.176 


0.0171 




particles 4 











25 



Table 12 ( continued) 



30 







Properties 


of hematite particles 


35 


Hematite 
particles 


Aspect 
ratio 
<-> 


BET 
specific 
surface 
area 
(m 2 /g> 


Co 
content 
: Co/Fe 
(atm%) 


Al 
content 
: Al/Fe 
(atm%) 


Content 
of rare 

earth 
element : 
Re/Fe 
(atm%) 


40 


Hematite 
particles 1 


7 . 0 


92.3 


35 


10 


8 




Hematite 


6.7 


84.7 


35 


10 


10 




particles 2 












45 


Hematite 


7.6 


90.1 


30 


8 


6 




particles 3 












50 


Hematite 


7.3 


88.2 


25 


8 


8 


particles 4 













55 



59 
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Table 13 



5 


Examples and Compara- 
tive Examples 


Hematite particles or 
Goethite particles used 


Reduction conditions 








Bed height (cm) 


Kind of heating gas 




Example 36 


Hematite particles 1 


27 


N 2 


10 


Example 37 


Hematite particles 2 


30 


N 2 




Example 38 


Hematite particles 3 


10 


N 2 




Example 39 


Hematite particles 4 


20 


N 2 




Example 40 


Goethite particles 5 


15 


N 2 


15 


Comparative Example 23 


Hematite particles 1 


27 


H 2 




Comparative Example 24 


Hematite particles 1 


27 


N 2 




Comparative Example 25 


Hematite particles 2 


30 


N 2 


SO 


Comparative Example 26 


Hematite particles 1 


35 


N2 




Comparative Example 27 


Hematite particles 2 


30 


N 2 




Comparative Example 28 


Hematite particles 3 


10 


N 2 




Comparative Example 29 


Hematite particles 3 


8 


N 2 


25 


Examples and Compara- 
tive Examples 


Reduction conditions 






Kind of reducing gas 


Linear velocity (cm/s) 


Reducing temperature 

(°C) 


30 


Example 36 


H 2 


100 


550 




Example 37 


H 2 


150 


650 




Example 38 


H 2 


50 


450 


35 


Example 39 


H 2 


80 


600 




Example 40 


H 2 


100 


500 




Comparative Example 23 


H 2 


100 


550 




Comparative Example 24 


H 2 


30 


550 


40 


Comparative Example 25 


H 2 


170 


650 




Comparative Example 26 


H 2 


50 


550 




Comparative Example 27 


H 2 


50 


720 


45 


Comparative Example 28 


H 2 


50 


380 




Comparative Example 29 


H 2 


7 


400 



50 



55 
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Table 14 





Properties of magnetic spindle-sh 

particles 


a v — » * — ' ^i m • — » fr- — 1 1 
QL£J6<JL lllc La X 


Examples 
and 
Comparative 
Examples 


Average 
major 
axial 

diameter 
(um) 


Standard 
deviation 
(*im) 


Particle 

size 
distri- 
bution 
<-) 


Average 
minor 
axial 

diameter 
(Vim) 


F/jc anm \& 3 6 


0.100 


0.0155 


0.150 


0.0154 


Example 37 


0.095 


0.0138 


0.145 


0. 0158 


Cvamnl A ft 


0.114 


0. 0177 


0.155 


0.0163 


Example 39 


0.109 


0.0166 


0.152 


0.0163 


cxampxe ftu 


0.101 


0.0148 


0.147 


0.0153 


Comparative 


0.093 


0.0190 


0.204 


0.0169 


Comparative 
£tXampj-e ^ *± 


0.090 


0.0190 


0.211 


0. 0170 


Comparative 
Example 25 


immeasurable because molded part 
scattered and dissipate 


icles were 
d 


Comparative 
Example 26 


0 .094 


0.0202 


0 .215 


0.0157 


Comparative 
Example 27 


0.070 


0.0176 


0.251 


0. 0233 


Comparat ive 
Example 28 


0.118 


0.0180 


0.153 


0. 0164 


Comparative 
Example 29 


0.105 


0 . 0218 


0.208 


0. 0219 



50 



55 
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Table 14 (continued) 



5 


Examples 
and 
Compara t i ve 
Examples 


Properties 


of magnetic spindle-shaped metal 
particles 






Co 


Al 


Content of 


10 


-L CL U> JL 
( - ) 


content : 
Co/Fe 
(atm%) 


content : 
Al/Fe 
(atm%) 


rare earth 
element : 
Re/Fe 


15 










(atm%) 


Example 3 6 


6.5 


35 


10 


8 






6 0 


35 


10 


10 




Example 38 


7.0 


30 


8 


6 


20 


pxamp ± e 


6.7 


25 


8 


8 




Ex amp 1 e 40 


6. 6 


35 


10 


8 




Compara t ive 


5.5 


35 


10 


8 


25 


Exaitiole 23 












Comparative 


5.3 


35 


10 


8 




Examole 24 










30 


Compara t i ve 


Unmeasurable because 


molded particles were 




Examp 1 e 25 


scattered and dissipated 




LOmparaLlVc 


6.0 


35 


10 


8 


35 


Example 2 6 












Comparative 


3.0 


35 


10 


10 




Example 27 










40 


Comparative 


7.2 


30 


8 


6 


Example 28 












Comparative 


4.8 


30 


8 


6 




Example 2 9 











45 



50 



55 
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Table 14 (continued) 



Examples 
and 


Properties of magnetic spindle-shaped metal 

particles 


Comparative 
Examples 


BET specific 
surface area 
(m 2 /g) 


DUO 
(A) 


Coercive 
force : He 
(Oe) 


Example 3 6 


53.8 


148 


2, 315 


Example 37 


44 . 3 


155 


2, 355 


Example 3 8 


58 .7 


140 


2,222 


Example 39 


50.2 


150 


2,295 


Example 40 


57 .2 


142 


2, 331 


Comparative 
Example 23 


42 .3 


163 


1, 985 


Comparative 
Example 24 


39.1 


167 


1,958 


Comparative 
Example 2 5 


immeasurable because molded j 
scattered and dissi] 


particles were 
aated 


Comparative 
Example 26 


40.3 


165 


1, 987 


Comparative 
Example 27 


32.4 


171 


1, 870 


Comparative 
Example 28 


68.4 


118 


1, 872 


Comparative 
Example 29 


38.3 


166 


1,992 



45 



SO 
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Table 14 (continued) 

5 





Examples 


Properties of 


magnetic spindle-shaped metal 




and 




particles 




10 


Comparative 


Saturation 


R/S 


AOs 




Examples 


magnetization 
: OS 


( - ; 


(%) 


15 




(emu/g) 








Example 3 6 


144.1 


0.537 


8.8 




Example 37 


152 . 5 


0.542 


9.9 


20 


Example 3 8 


140.2 


0.530 


7.0 




Example 3 9 


147 . 0 


0. 532 


8.5 




r 

Example 40 


142.7 


0.541 


7.1 


HO 


Comparative 
Example 23 


143 . 9 


0.511 


11.2 




Comparative 


145. 0 


0.510 


12 .3 


30 


Example 24 








Comparative 


Unmeasurable because molded particles were 




Example 25 


scattered and dissipated 




Comparative 


144.3 


0. 512 


11.5 


35 


Example 2 6 










Comparative 


145 .7 


0.497 


10 .0 




Example 27 








40 


Comparative 
Example 28 


110.5 


0.513 


7.1 




Comparative 


143.5 


0.509 


12 .7 


45 


Example 2 9 









50 
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Table 15 



Examples and Compara- 
tive Examples 


Magnetic properties of lower bed portion (3 cm) 






Coercive force: He (Oe) 


Saturation magnetiza- 
tion: as (emu/g) 


Squareness (-) 


Duo (A) 


PxamDle 36 


2,332 


143.5 


0.542 


146 


Comparative Example 23 


2.032 


138.8 


0.518 


155 


Examples and Compara- 
tive Examples 


Magnetic properties of upper bed poi 


rtion (25 cm) 






Coercive force: He (Oe) 


Saturation magnetiza- 
tion: os (emu/g) 


Squareness (-) 


Duo (A) 


Example 36 


2,306 


145.0 


0.539 


149 


Comparative Example 23 


1,880 


145.5 


0.500 


170 



20 



Table 16 



25 


Examples and 




Properties of magnetic coating film 






Comparative 
Examples 












30 




Coercive force: 
He (Oe) 


Saturation mag- 
netic flux density: 
Bm (Gauss) 


Squareness: 
Br/Bm (-) 


SFD (-) 


ABm (%) 




Example 36 


2,336 


4,130 


0.870 


0.385 


6.7 




Example 37 


2,380 


4,310 


0.873 


0.378 


8.1 


35 


Example 38 


2,260 


4,000 


0.877 


0.393 


5.1 




Example 39 


2,310 


4,200 


0.875 


0.390 


6.3 




Example 40 


2,375 


4,100 


0.878 


0.375 


5.0 


40 


Comparative 
Example 23 


2,003 


4,150 


0.817 


0.545 


9.5 




Comparative 
Example 24 


1,960 


4,200 


0.811 


0.551 


10.1 




Comparative 


immeasurable because molded particles were scattered and dissipated 


45 


Example 25 














Comparative 
Example 26 


2,015 


4,100 


0.805 


0.566 


9.1 


50 


Comparative 
Example 27 


1,875 


4,200 


0.723 


0.885 


8.0 




Comparative 
Example 28 


1,923 


3,150 


0.803 


0.588 


5.5 


55 


Comparative 
Example 29 


2,001 


4,080 


0.785 


0.625 


10.2 
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Claims 

1 . Spindle-shaped goethite particles containing from 8 to 45 atm% of Co, calculated as Co, based on the total amount 
of Fe, and from 5 to 20 atm% of Al, calculated as Al, based on the total amount of Fe, and having an average major 

5 axial diameter of 0.05 to 0. 1 8 ixm, 

each of said goethite particles comprising a seed portion and a surface layer portion, the weight ratio of said 
seed portion to said surface layer portion being 30:70 to 80:20, the Co concentration of the seed portion with 
respect to that of the goethite particle being 50 to 95 : 100 when the Co concentration of the goethite particle 
10 is 100, and said aluminum existing only in said surface layer portion. 

2. Particles according to claim 1 , which further have an average minor axial diameter of 0.01 0 to 0.025 jim, an aspect 
ratio (average major axial diameter/average minor axial diameter) of 4:1 to 8:1 , a particle size distribution (standard 
deviation/average major axial diameter) of not more than 0.24 and a BET specific surface area of 100 to 250 m 2 /g. 

15 

3. Particles according to claim 1 or 2, which contain 10 to 40 atm% of cobalt, calculated as Co, based on the total 
amount of Fe, and 6 to 15 atm% of aluminum, calculated as Al, based on the total amount of Fe; which have an 
average major axial diameter of 0.05 to 0.16 jam and an average minor axial diameter of 0.010 to 0.023 urn; and 
wherein the weight ratio of said seed portion to said surface layer portion is 40:60 to 70:30, and the Co concentra- 
te tion of the seed portion with respect to that of the goethite particle being 60 to 90 : 1 00 when the Co concentration 

of the goethite particle is 100. 

4. Particles according to claim 1 or 2, which contain more than 20 atm% and not more than 45 atm% of cobalt, calcu- 
lated as Co, based on the total amount of Fe, and of 5 to 1 5 atm% of aluminum, calculated as Al, based on the total 

25 amount of Fe, and which have an average major axial diameter of 0.05 to 0. 1 7 \im and an average minor axial diam- 
eter of 0.01 0 to 0.025 jim. 

5. Particles according to any one of the preceding claims, which further have an X-ray crystallite size ratio (D 02 o/Di 1 o) 
of not less than 2.0:1 . 

30 

6. Spindle-shaped hematite particles containing from 8 to 45 atm% of cobalt, calculated as Co, based on the total 
amount of Fe, from 5 to 20 atm% of aluminum, calculated as Al, based on the total amount of Fe, and from 1 to 1 5 
atm% of a rare earth element, calculated as rare earth element, based on the total amount of Fe: and having an 
average particle size of 0.05 to 0.17 iim; 

35 

each of said hematite particles comprising a seed portion, an intermediate layer portion and an outer layer por- 
tion, the weight ratio of said seed portion to said intermediate layer portion being 30:70 to 80:20 and the Co 
concentration of the seed portion with respect to that of the hematite particle being 50 to 95 : 100 when the Co 
concentration of the hematite particle is 100, said aluminum existing only in said intermediate layer portion and 
40 said rare earth element existing in said outer layer portion. 

7. Particles according to claim 6, which further have an average minor axial diameter of 0.01 0 to 0.025 nm, an aspect 
ratio (average major axial diameter/average minor axial diameter) of 4:1 to 8:1 , a particle size distribution (standard 
deviation/average major axial diameter) of not more than 0.22 and a BET specific surface area of 30 to 150 rr^/g. 

45 

8. Particles according to claim 6, which have an average major axial diameter of 0.05 to 0.14 pm, an aspect ratio 
(average major axial diameter/average minor aspect ratio (average major axial diameter/average minor axial diam- 
eter) of 4:1 to 8:1 , a crystallite size D 104 of 50 to 80 A, a saturation magnetization as of 0.5 to 2 emu/g, a cobalt 
content of more than 20 atm% and not more than 45 atrrt%, calculated as Co, based on the total amount of Fe, alu- 

so minum of 5 to 15 atm%, calculated as Al, based on the total amount of Fe, and a rare earth compound of 5 to 15 
atm%, calculated as rare earth element, based on the total amount of Fe. 

9. Particles according to claim 8, which further have an average minor axial diameter of 0.010 to 0.22 ^m, a particle 
size distribution (standard deviation/average major axial diameter) of not more than 0.20 and a BET specific sur- 

55 face area of 30 to 1 50 nr^/g. 

10. Particles according to claim 8 or 9, which further have an average major axial diameter of 0.05 to 0.13 inn, an 
aspect ratio of 4:1 to 7.5:1 , an X-ray crystallite size D 104 of 50 to 78A and a saturation magnetization as of 0.5 to 
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1 .5 emu/g, a cobalt content of 21 to 40 atnt%, calculated as Co. based on the total amount of Fe. an aluminum con- 
tent of 6 to 1 4 atm%. calculated as Al, based on the total amount of Fe ( and a rare earth element content of 5 to 12 
atm%. calculated as rare earth element, based on the total amount of Fe. 

5 11. Particles according to claim 6. which contain 10 to 40 atm% of cobalt, calculated as Co. based on the total amount 
" of Fe 6 to 15 atm% of aluminum, calculated as Al. based on the total amount of Fe, and 4 to 12 atm% of a rare 
earth element, calculated as rare earth element, based on the total amount of Fe. and wherein the weight ratio of 
said seed portion to said intermediate layer portion is 40:60 to 70:30; and the Co concentration of the seed portion 
with respect to that of the hematite particle is 60 to 90 : 100 when the Co concentration of the hematite particle is 

w 100. 

12. Particles accoiding to any one of claims 6 to 1 1 . wherein said rare earth element is at least one element selected 
from scandium, yttrium, lanthanum, cerium, praseodymium, neodymium and samarium. 

75 1 3. Magnetic spindle-shaped metal particles which contain iron as a main component; from 8 to 45 atm% of cobalt cal- 
culated as Co. based on the total amount of Fe; from 5 to 20 atm% of aluminum, calculated as Al. based on the 
total amount of Fe; and from 1 to 15 atm% of a rare earth element, calculated as rare earth element, based on the 
total amount of Fe; and which have an average major axial diameter of 0.05 to 0.15 \ixr\. 

20 14. Particles according to claim 1 3. which contain more than 20 atm% and not more than 45 atm% of cobalt, calculated 
as Co. based on the total amount of Fe; from 5 to 1 5 atm% of aluminum, calculated as Al. based on the total amount 
of Fe;'and from 5 to 1 5 atm% of a rare earth element, calculated as rare earth element, based on the total amount 
of Fe; and which have an average major axial diameter of 0.05 to 0.14 *im. an aspect ratio (average major axial 
diameter/average minor axial diameter) of 4:1 to 8:1 . an X-ray crystallite size D A 10 of 12.0 to 1 7.0 nm. a coercive 

25 force of 2.000 to 2.500 Oe and a saturation magnetization as of 130 to 160 emu/g. 

1 5. Particles accoiding to claim 1 4. which further have an average minor axial diameter of 0.0 1 0 to 0.020 urn. a particle 
size distribution (standard deviation/average major axial diameter) of not more than 0.18. a BET specific surface 
area of 35 to 65 m*/g and a change in a saturation magnetization as with passage of time of not more than 10 % 

30 as an absolute value. 

16. Particles according to claim 13, which further have an average minor axial diameter of 0.010 to 0.022 *im, an 
aspect ratio (average major axial diameter/average minor axial diameter) of 4:1 to 7:1, a particle size distribution 
(standard deviation/average major axial diameter) of not more than 0.20. a BET specific surface area of 35 to 65 

35 rrf/g. a coercive force of 1 ,800 to 2.500 Oe and a saturation magnetization as of 1 1 0 to 1 60 emu/g. 

17. Particles according to claim 16, which further have a particle coercive force distribution (SFDr) of not more than 
0.72, an X-ray crystallite size D 110 of 12.0 to 17.0 nm and a change in a saturation magnetization as with passage 
of time of not more than 15 % as an absolute value. 



40 



18. A process for producing the spindle-shaped goethite particles, comprising: 

(a) aging a water suspension containing an Fe* + -containing precipitate produced by reacting a mixed aqueous 
alkali solution comprising an aqueous alkali carbonate solution and an aqueous alkali hydroxide solution, with 

45 an aqueous ferrous salt solution, in a non-oxidative atmosphere; 

(b) conducting the oxidation reaction by passing a molecular oxygen-containing gas through the water suspen- 
sion, thereby producing spindle-shaped goethite seed crystal particles; and 

(c) passing again a molecular oxygen-containing gas through the resultant water suspension containing both 
said Fe 2+ -containing precipitate and said spindle-shaped goethite seed crystal particles to conduct the oxida- 
se tion reaction of the water suspension, thereby growing a goethite layer on a surface of each spindle-shaped 

goethite seed crystal particle. 

- upon the production of said spindle-shaped goethite seed crystal particles, a Co compound being added 
in an amount of 8 to 45 atm%. calculated as Co. based on the total amount of Fe. to said water suspension 

55 containing the Fe 2+ -containing precipitate during the aging treatment before initiation of the oxidation reac- 

tion, thereby oxidizing 30 to 80 % of the total amount of Fe 2+ . and 

- upon the growth of said goethite layer, a linear velocity of said oxygen-containing gas passing through said 
water suspension containing both the Fe 2+ -containing precipitate and the spindle-shaped goethite seed 
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crystal particles, being adjusted to not less than two times that of the oxygen-containing gas passing 
through the water suspension containing the Fe 2+ -containing precipitate upon the production of the 
goethite seed crystal particles, and an Al compound being added in an amount of 5 to 20 atm%, calculated 
as Al, based on the total amount of Fe. 

19. A process for producing spindle-shaped hematite particles, comprising: 



(a) treating said spindle-shaped goethite particles obtained in claim 18 with an arrti-sintering agent comprising 
a rare earth element-containing compound; and 

(b) then heat-treating the spindle-shaped goethite particles at 400 to 850°C in a non-reducing atmosphere. 

20. A process tor producing magnetic spindle-shaped metal particles containing iron as a main component, compris- 
ing: 



(a) treating said spindle-shaped goethite particles obtained in claim 18 with an anti-sintering agent comprising 
a rare earth element-containing compound; and 

(b) then heat-reducing said spindle-shaped goethite particles at 400 to 700°C in a reducing atmosphere. 

21. A process for producing magnetic spindle-shaped metal particles containing iron as a main component, compris- 
ing: 



(a) treating said spindle-shaped goethite particles obtained in claim 18 with an anti-sintering agent comprising 
a rare earth element-containing compound; 

(b) heat-treating said spindle-shaped goethite particles at 400 to 850°C in a non-reducing atmosphere; and 

(c) then heat-reducing said treated particles at 400 to 700°C in a reducing atmosphere. 



22. A process for producing magnetic spindle-shaped metal particles containing iron as a main component, comprising 
heat-reducing said spindle-shaped hematite particles obtained in claim 19 at 400 to 700°C in a reducing gas 
atmosphere. 



23. A process for producing magnetic spindle-shaped metal particles containing iron as a main component and suita- 
ble for magnetic recording, comprising: 

(a) charging spindle-shaped goethite particles containing 20 to 45 atm% of cobalt, calculated as Co. based on 
the total amount of Fe and having a major axial diameter of 0.05 to 0.15 fim, or spindle-shaped hematite par- 
ticles obtained by heat-dehydrating said goethite particles, as starting particles, into a fixed-bed reducing reac- 
tor to form a fixed-bed having a height of not more than 30 cm; 

(b) elevating the temperature of said starting particles to 400 to 700°C in an inert gas atmosphere; 

(c) replacing the inert gas atmosphere with a reducing gas atmosphere; and 

(d) reducing said spindle-shaped goethite particles or spindle-shaped hematite particles with a reducing gas 
fed at a linear velocity of 40 to 150 cm/s, at temperature of 400 to 700°C. 
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